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(57) ABSTRACT

The invention relates to methods and compositions for iden-
tifying maize plants that have newly conferred resistance or
enhanced resistance to, or are susceptible to, a Fijivirus, par-
ticularly Mal de Rio Cuarto Virus (MRCV) and/or Maize
Rough Dwarf Virus (MRDV). The methods use molecular
genetic markers to identify, select and/or construct resistant
plants or identify and counter-select susceptible plants. Maize
plants that display newly conferred resistance or enhanced
resistance to a Fijivirus that are generated by the methods of
the invention are also a feature of the invention.
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MAJOR QTLS CONFERRING RESISTANCE
OF CORN TO FIJIVIRUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Continuation of U.S. application Ser.
No. 14/035,009, filed Sep. 24, 2013, now U.S. Pat. No. 8,841,
510, which is a Continuation-in-part of U.S. application Ser.
No. 12/740,140, filed Oct. 31, 2008, which is a 371 of Inter-
national Application No. PCT/US08/12327, filed Oct. 31,
2008, which claims the benefit of U.S. Provisional Applica-
tionNo. 61/001,455, filed Nov. 1, 2007, which is incorporated
by reference in its entirety.

REFERENCE TO SEQUENCE LISTING
SUBMITTED ELECTRONICALLY

The official copy of the sequence listing is submitted
electronically via EFS-Web as an ASCII formatted se-
quence listing with a file named 20140910_
BB1966USCNT2_SeqLst.txt created on Sep. 10, 2014 and
having a size of 174 kilobytes and is filed concurrently with
the specification. The sequence listing contained in this
ASCII formatted document is part of the specification and is
herein incorporated by reference in its entirety.

FIELD OF THE INVENTION

The present disclosure relates to compositions and meth-
ods useful in creating or enhancing Fijivirus, particularly Mal
de Rio Cuarto Virus and/or Maize Rough Dwarf Virus, resis-
tance in plants. Additionally, the invention relates to plants
that have been genetically transformed with the compositions
of the invention.

BACKGROUND OF THE INVENTION

The disease caused by Mal de Rio Cuarto Virus (MRCV) is
a major corn disease in Argentina, accounting for yield losses
of greater than 70% in years of severe outbreak (Rodriguez P
Eetal. (1998) Plant Dis. 82:149-52). The disease is a member
of Serogroup 2 of Fijivirus, which includes other viruses such
as maize rough dwarf virus, rice black streaked dwarf virus,
and pangola stunt virus (Uyeda I & Milne R G (1995) Semin.
Virol. 6:85-88). The main vector for MRCV is Delphacodes
kuscheli, but other Delphacodes species, such as D. haywardi
and D. tigrinus, and Toya propinqua have been shown to carry
the virus. The virus does not appear to be transmitted to
progeny via seeds. Distéfano et al., Arch. Virol. 147:1699-
1709 (2002), analyzed the MRCV sequence and proposed
that it is a new Fijivirus species related to MRDV (Maize
Rough Dwarf Virus). MRDV is found in several European
countries (e.g., the Czech Republic, France, Italy, Norway,
Spain, Sweden) and in China, while MRCV has been also
detected in Uruguay (Ornaghi J. A., Beviacqua J. E., Aguir-
rezabala D. A., March G. J. and Lenardén S. L. 1999. Detec-
tion of Mal de Rio Cuarto virus in Uruguay. Fitopatologia
Brasileira 24: 471).

MRCYV infection causes abnormal maize development and
significantly reduces crop yields. The susceptible phenotype
includes stunting, shortening of internodes, multiple ears
with scattered grain, deformed tassel with no anthers, pres-
ence of small enations in the back of the leaves, reduced roots,
cut and reduced leaves. Plants symptoms depend on pheno-
logical stage of the plant, plant genotype, and environment
(Lenardon et al., “Virus del Mal de Rio Cuarto en maiz”, in
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Proyecto de Investigaciones en Fitovirologia (Lenarddn ed.),
2:10 (1999). Most severe symptoms occur when infected at
the coleoptile—first leaf stage.

In the severe MRCYV outbreak of 1996-1997, over 300,000
hectares of maize in Argentina were affected, resulting in
losses totaling approximately $120 million. Increased popu-
lations of Delphacodes kuscheli in 2006 apparently led to a
reoccurrence of the viral disease in Argentinean corn plants,
which significantly aftfected the 2007 harvesting. Susceptible
genotypes were strongly affected by MRCV at the endemic
region (Cérdoba Province) and moderately affected at other
maize regions.

The development of molecular genetic markers has facili-
tated mapping and selection of agriculturally important traits
in maize. Markers tightly linked to disease resistant genes are
an asset in the rapid identification of resistant maize lines on
the basis of genotype by the use of marker assisted selection
(MAS). Introgressing disease resistance genes into a desired
cultivar would also be facilitated by using suitable DNA
markers.

SUMMARY OF THE INVENTION

Compositions and methods for identifying maize plants or
germplasm with newly conferred or enhanced resistance to
fijivirus are provided. Methods of making maize plants or
germplasm that are resistant to fijivirus, e.g., through intro-
gression of desired resistance marker alleles and/or by trans-
genic production methods, as well as plants and germplasm
made by these methods, are also provided. Systems and kits
for selecting resistant plants and germplasm are also a feature
of the invention.

In some aspects, the invention provides methods for iden-
tifying a first maize plant or germplasm (e.g., aline or variety)
that has newly conferred resistance, enhanced resistance, or
susceptibility to MRCV. In the methods, at least one allele of
one or more marker locus (e.g., a plurality of marker loci) that
is associated with the newly conferred resistance, enhanced
resistance, or susceptibility are detected in the first maize
plant or germplasm. The marker loci can be selected from the
loci provided in Tables 1 and 2, including MZA625,
MZA16656, MZA15451, MZA15490, MZA2038,
MZA11826, and MZA9105, as well as any other marker that
is linked to these QTL markers (e.g., within about 10 ¢cM of
these loci). Tables 1 and 2 show maize markers demonstrating
linkage disequilibrium with the MRCYV resistance phenotype
as determined by association mapping analysis and QTL
interval mapping (including single marker regression analy-
sis) methods. The table indicates the genomic-SSR or EST-
SSR marker type (all simple sequence repeats) or SNP or
MZA markers, the chromosome on which the marker is
located and its approximate genetic map position relative to
other known markers, given in cM, with position zero being
the first (most distal) marker on the chromosome. Also shown
are the maize populations used in the analysis and the statis-
tical probability of random segregation of the marker and the
resistance/susceptibility phenotype given as an adjusted
probability taking into account the variability and false posi-
tives of multiple tests. Probability values from single marker
regression are also shown.

The invention also provides chromosomal QTL intervals
that correlate with MRCV. These intervals are located on
linkage group 2. Any marker located within these intervals
also finds use as a marker for MRCYV resistance and is also a
feature of the invention. These intervals include:
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(1) MZA8381 and MZA18180;
(il)) MZA4305 and MZA2803;
(iii) MZA15490 and MZA2038;
(iv) bnlg1458b and umc1261a;
(v) bnlg1458b and umc1262a;
(vi) bnlg1327 and umc1261a; and
(viii) bnlg1327 and umc1262a.

US 9,315,872 B2
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A plurality of marker loci can be selected in the same plant.
Which QTL markers are selected in combination is not par-
ticularly limited. The QTL markers used in combinations can
be any of the markers listed in Tables 1 and 2, any other
marker that is linked to the markers in Tables 1 and 2 (e.g., the
linked markers determined from the MaizeGDB resource), or
any marker within the QTL intervals described herein.

TABLE 1
Adjusted Probability
Not structured association
Relative Structured association Association
Map Association analysis
Position Gene Pool analysis Association  Association Association SNPs at
(cM). Analyzed/ Myriad analysis I analysis II analyisis set MRCV1.
PHD Method of Mapping Argentine Myriad SS Myriad SS 1(SS) Argentine
Marker v1.4 Identification Population inbreds inbreds inbreds inbreds inbreds
MZA7588 63.17 Association Broad 0.12 0.341 0.742 0.000676917
analysis, identity ~ Pioneer
by descent germplasm
MZA8381 63.47 Association Broad 0.002 0.0037 0.0044 0.000198191 less than
analysis, identity ~ Pioneer 0.001
by descent germplasm
MZA3105 63.55 Association Broad 0.0412 0.064
analysis, identity ~ Pioneer
by descent germplasm
MZAA482 63.64  Association Broad 0.551 0.0958 0.197 0.002172499
analysis, identity ~ Pioneer
by descent germplasm
MZA16531 63.83  Association Broad 0.174 0.0282 0.055088894
analysis, identity ~ Pioneer
by descent germplasm
MZA14553 64.1  Association Broad
analysis, identity ~ Pioneer
by descent germplasm
MZAA4305 64.1  Association Broad 0.644 0.0394 0.066 0.331615457
analysis, identity ~ Pioneer
by descent germplasm
MZA625 64.1  Association Broad 0.0476 0.685 0.74 0.000136376
analysis, identity ~ Pioneer
by descent, QTL  germplasm
mapping
MZA625-30-A 64.1 Identity by Broad less than
descent, QTL Pioneer 0.001
mapping germplasm
MZA625-29-A 64.1 Identity by Broad less than
descent, QTL Pioneer 0.001
mapping germplasm
MZA15451 65.3  Association Broad 0.0105 0.0438 0.0612 0.51165696
analysis, identity ~ Pioneer
by descent germplasm
MZA9105 65.4  Association Broad 0.0226 0.436 0.453 0.003621576
analysis, identity ~ Pioneer
by descent germplasm
MZA9105-8-A 65.4  Identity by Broad less than
descent, QTL Pioneer 0.001
mapping germplasm
MZA9105-6-A 654  Identity by Broad 0.066
descent, QTL Pioneer
mapping germplasm
MZA11826 66.0  Association Broad 0.0201 0.16 0.486 1.79182E-06
analysis, identity ~ Pioneer
by descent, QTL  germplasm
mapping
MZA11826- 66.0  Identity by Broad 0.014
803-A descent, QTL Pioneer
mapping germplasm
MZA11826- 66.0  Identity by Broad 0.034
801-A descent, QTL Pioneer
mapping germplasm
MZA11826- 66.0  Identity by Broad 0.04
27-A descent, QTL Pioneer
mapping germplasm
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TABLE 1-continued

Adjusted Probability

Not structured association

Relative Structured association Association
Map Association analysis
Position Gene Pool analysis Association  Association Association SNPs at
(cM). Analyzed/ Myriad analysis I analysis II analyisis set MRCV1.
PHD Method of Mapping Argentine Myriad SS Myriad SS 1(SS) Argentine
Marker v1.4 Identification Population inbreds inbreds inbreds inbreds inbreds
MZA15490 66.0  Association Broad 0.0079 0.186 0.523 0.4067326
analysis, identity ~ Pioneer
by descent germplasm
MZA15490- 66.0 Identity by Broad less than
801-A descent, QTL Pioneer 0.001
mapping germplasm
MZA15490- 66.0 Identity by Broad less than
138-A descent, QTL Pioneer 0.001
mapping germplasm
MZA15490- 66.0 Identity by Broad less than
137-A descent, QTL Pioneer 0.001
mapping germplasm
MZA16656 66.0  Association Broad 0.000194 0.452 0.474 0.011514162

analysis, identity ~ Pioneer
by descent, QTL  germplasm

mapping
MZA16656- 66.0 Identity by Broad less than
8-A descent, QTL Pioneer 0.001
mapping germplasm
MZA16656- 66.0 Identity by Broad less than
19-A descent, QTL Pioneer 0.001
mapping germplasm
MZA2038 66.0  Association Broad 0.0035 0.104 0.391 2.66345E-06
analysis, identity ~ Pioneer
by descent germplasm
MZA2038- 66.0 Identity by Broad 0.161
76-A descent, QTL Pioneer
mapping germplasm
MZA2038- 66.0 Identity by Broad 0.298
71-A descent, QTL Pioneer
mapping germplasm
MZA2803 66.0  Association Broad 0.404 0.0728 0.0916 0.116318398
analysis, identity ~ Pioneer
by descent germplasm
MZA18224 68.8  Association Broad 0.000066 0.039 0.041 0.003921924

analysis, identity ~ Pioneer
by descent, QTL  germplasm

mapping
MZA18224- 68.8 Identity by Broad 0.052
801-A descent, QTL Pioneer
mapping germplasm
MZA2349 68.8  Association Broad 0.0498 0.238 0.185 0.001262359 0.277
analysis, identity ~ Pioneer
by descent germplasm
MZA564 68.8  Association Broad 0.756 0.167 0.0524 0.000254878
analysis, identity ~ Pioneer
by descent germplasm
MZA11066 70.7  Association Broad 0.617 0.819 0.786 0.330400979
analysis, identity ~ Pioneer
by descent germplasm
MZA18180 71.3  Association Broad 0.0272 0.0201 0.0204 0.091180064 0.005
analysis, identity ~ Pioneer
by descent germplasm
MZA8442 714  Association Broad 0.000234 0.0358 0.0402 0.000598737
analysis, identity ~ Pioneer
by descent germplasm
MZA15563 71.5  Association Broad 0.0754 0.0079 0.0079 0.114427854 0.524
analysis, identity ~ Pioneer
by descent germplasm
MZA18036 71.8  Association Broad 0.000138 0.112 0.0474 0.008370189 0.007
analysis, identity ~ Pioneer
by descent germplasm
MZA15264 71.9  Association Broad 0.794 0.608 0.664 0.207135606
analysis, identity ~ Pioneer
by descent germplasm
MZA10384 72.2  Association Broad 0.706 0.133 0.0442 0.001530899

analysis, identity ~ Pioneer
by descent germplasm
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TABLE 1-continued
Adjusted Probability
Not structured association
Relative Structured association Association
Map Association analysis
Position Gene Pool analysis Association  Association Association SNPs at
(cM). Analyzed/ Myriad analysis I analysis II analyisis set MRCV1.
PHD Method of Mapping Argentine Myriad SS Myriad SS 1(SS) Argentine
Marker v1.4 Identification Population inbreds inbreds inbreds inbreds inbreds
MZA12874 72.3  Association Broad 0.829 0.141 0.215 0.009463312 0.059
analysis, identity ~ Pioneer
by descent germplasm
MZA12454 724  Association Broad 0.000064 0.126 0.088 5.75703E-05
analysis, identity ~ Pioneer
by descent germplasm
MZA8926 72.9  Association Broad 0.0089 0.641842316
analysis, identity ~ Pioneer
by descent germplasm
MZA5057 73.0  Association Broad 4.5231E-05 0.0246 0.0098 0.050959299 less than
analysis, identity ~ Pioneer 0.001
by descent germplasm
BNLG1327 66.9 Link between Extrapolation
Pioneer and by map
public maps position
BNLG1458B Link between Extrapolation
Pioneer and by map
public maps position
UMC1261 70.0 Link between Extrapolation
Pioneer and by map
public maps position
UMC1262 70.2 Link between Extrapolation
Pioneer and by map
public maps position
TABLE 2
QTL mapping
MEPS
populations
PH7WTxPH3DT PH9TIXxPH890 PH7WTxXPH3DT (adjusted
Marker mapping pop mapping pop BC3F3 by MAS  probability) Notes
MZA625 QTL position QTL position QTL position QTL position by
MZA15451  extrapolated from extrapolated from corresponding to using the
MZA9105 LOD score peak. LOD score peak. the highest information
MZAI11826 LOD score peak: LOD score peak: associated across different
MZA15490 >6 Position 65.8; >20; Position markers. LOD association
MZA16656 flanking markers  65.99-68.8; score peak: >10  lessthan 0.05  analysis, QTL
MZA2038 umcl756- flanking markers mapping studies
MZA2803 umel518 MZA625- and Identity by
MZA18224 descent
information.
BNLG1327 Markers to
BNLG1458B extrapolate the
UMC1261 QTL position to
UMC1262 public maps

The markers that are linked to the QTL markers of Tables 55 MRCV can be quantitated using any suitable means, for

1 and 2 can be closely linked, for example, within about 10
cM from the Tables 1 and 2 QTL markers. In some embodi-
ments, the linked locus displays a genetic recombination dis-
tance of 9 centiMorgans, 8,7, 6,5,4,3,2,1,0.75,0.50r0.25,
or less from the QTL marker.

In some embodiments, preferred QTL markers are selected
from MZAG625, MZA16656, MZA15451, MZA15490,
MZA2038, MZA11826, and MZA9105. Most preferred are
QTL markers selected from MZA15490 and MZA2038.

In some embodiments, the germplasm is a maize line or
variety. In some aspects, the newly conferred resistance,
enhanced resistance, or susceptibility of a maize plant to

60

65

example 1 to 9 scale (MRCV score), where 1, represents a
highly susceptible genotype and 9, a completely resistant
genotype; 4 represents a genotype with the minimum level of
resistance to generate a commercial hybrid.

A second way of evaluating MRCYV resistance is by evalu-
ating the percentage of highly susceptible plants on a specific
genotype. For example, a field experiment where the geno-
types are arranged on a randomly completely block design
and each experimental unit is represented by a field row of 4
meters and approximately 20 plants are planted on each row.
The MRCV enhanced resistance is evaluated by observing
each experimental unit and assigning a field score (1 to 9
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scale). At the same time, the percentage of highly susceptible
plants on each experimental unit is assayed.

Any of a variety of techniques can be used to identify a
marker allele. It is not intended that the method of allele
detection be limited in any way. Methods for allele detection
typically include molecular identification methods such as
amplification and detection of the marker amplicon. For
example, an allelic form of a polymorphic simple sequence
repeat (SSR) or of a single nucleotide polymorphism (SNP)
can be detected, e.g., by an amplification based technology. In
these and other amplification based detection methods, the
marker locus or a portion of the marker locus is amplified
(e.g., via PCR, LCR or transcription using a nucleic acid
isolated from a maize plant of interest as a template), and the
resulting amplified marker amplicon is detected. In one
example of such an approach, an amplification primer or
amplification primer pair is admixed with genomic nucleic
acid isolated from the first maize plant or germplasm, wherein
the primer or primer pair is complementary or partially
complementary to at least a portion of the marker locus, and
is capable of initiating DNA polymerization by a DNA poly-
merase using the maize genomic nucleic acid as a template.
The primer or primer pair (e.g., a primer pair provided in
Table 3) is extended in a DNA polymerization reaction having
a DNA polymerase and a template genomic nucleic acid to
generate at least one amplicon.
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10
MRCV resistance phenotype (directly or by extra-

polation from the genetic map). Table 3 provides the
sequences of the left and right PCR primers used in the SSR
marker locus genotyping analysis. Also shown is the pigtail
sequence used on the 5' end of the right primer, and the
number of nucleotides in the tandem repeating element in the
SSR.

In any case, data representing the detected allele(s) can be
transmitted (e.g., electronically or via infrared, wireless or
optical transmission) to a computer or computer readable
medium for analysis or storage. In some embodiments, plant
RNA is the template for the amplification reaction. In other
embodiments, plant genomic DNA is the template for the
amplification reaction. In some embodiments, the QTL
marker is a SNP type marker, and the detected allele is a SNP
allele (see, e.g., Table 4 (showing SNP markers at QTL posi-
tion and the specific PH7WT (=630=PH141J) and PH9TJ hap-
lotypes)), and the method of detection is allele specific
hybridization (ASH).

TABLE 3
Marker Left Primer Right Primer
Name Sequence Sequence Repeat  Also Known As (AKA)
BNLG1327 SEQIDNO:49 SEQIDNO:50 CT(25) bmcl327, A4615G09,
p-bnlgl327,
A4615G10, bnlgl 327,
LGI456705
BNLG1458B SEQID NO: 51 SEQID NO:52 — bnlgl458, p-
bnlgl458, A4651C06,
bmc1458, A4651C05
UMC1261 SEQ ID NO: 53 SEQIDNO:54 (TG)8  AI987278
UMC1262 SEQ ID NO: 55 SEQIDNO:56 (GTC)4 AI987278
40
Table 3 lists genomic and SSR markers, including those
markers that demonstrated linkage disequilibrium with the
TABLE 4
QTL MRCV1
STARS PASS PASS PASS PASS PASS PASS PASS PASS
Ctg Pos 745 745 897 897 897
Ctg 203 203 203 203 203
PHD 64.1 64.1 66.0 66.0 66.0 66.0 66.0 66.0
Chromosome 2 2 2 2 2 2 2 2
MZA-625- MZA625- MZA16656- MZA15490-
Sample Name 29-A 30-A 8-A MZA16656-19-A  137-A MZA15490-138-A  MZA15490-801-A MZA2038-71-A
PHTWT C T C G C G G A
PHOTIJ C T T A A C C T
QTL MRCV1
STARS PASS PASS PASS PASS PASS PASS PASS
Ctg Pos 930 930 930 930 930 1018 1018
Ctg 203 203 203 203 203 203 203
PHD 66.0 66.0 66.0 66.0 66.0 65.4 65.4
Chromosome 2 2 2 2 2 2 2
Sample Name MZA2038-76-A  CO0081-01-A MZA11826-27-A MZA11826-801-A MZA11826-803-A MZA9105-6-A MZA9105-8-A
PHTWT T P C A C G A
PHOTIJ C X T G T G A
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In some embodiments, the allele that is detected is a favor-
able allele that positively correlates with newly conferred
resistance or enhanced resistance. Alternatively, the allele
that is detected can be an allele that correlates with disease
susceptibility or reduced disease resistance, and that allele is
counter-selected. For example, alleles that can be selected for
(favorable alleles, e.g., PH7WT and PHITI (see Table 5)) or
against (unfavorable alleles, e.g., PH3DT, PH890, and
PH6KW (see Table 5)).

12

Similarly, in other embodiments, if an allele is correlated
with newly conferred resistance or enhanced resistance to
MRCYV, the method can include introgressing the allele into a
second maize plant or germplasm to produce an introgressed
maize plant or germplasm. In some embodiments, the second
maize plant or germplasm will typically display reduced
resistance to MRCV as compared to the first maize plant or
germplasm, while the introgressed maize plant or germplasm
will display an increased resistance to MRCV as compared to

TABLE 5
QTL MRCV1
STARS PASS PASS PASS PASS PASS PASS PASS PASS
Ctg Pos 745 745 897 897 897
Ctg 203 203 203 203 203
PHD 64.1 64.1 66.0 66.0 66.0 66.0 66.0 66.0
Chromosome 2 2 2 2 2 2 2 2
Sample MZA-625- MZA625- MZA16656- MZA16656- MZA15490- MZA2038-
Name MRCV1 29-A 30-A 8-A 19-A 137-A MZA15490-138-A  MZA15490-801-A 71-A
PH7WT  Positive C T C G C G G A
Effect
PHOTJ Positive C T T A A C C T
Effect
PH3DT Negative T C T A A C C T
Effect
PH890 Negative T C C A A C C T
Effect
PH6KW  Negative T C T A A C C A
Effect
QTL MRCV1
STARS PASS PASS PASS PASS PASS PASS PASS
Ctg Pos 930 930 930 930 930 1018 1018
Ctg 203 203 203 203 203 203 203
PHD 66.0 66.0 66.0 66.0 66.0 65.4 65.4
Chromosome 2 2 2 2 2 2 2
Sample MZA9105- MZA9105-
Name MRCV1 MZA2038-76-A  CO0081-01-A MZA11826-27-A MZA11826-801-A MZA11826-803-A 6-A 8-A
PH7WT  Positive T P C A C G A
Effect
PHOTJ Positive C X T G T G A
Effect
PH3DT Negative C X T G T A G
Effect
PH890 Negative C X T G T A G
Effect
PH6KW  Negative T P C A C G A
Effect

In the case where more than one marker is selected, an allele
is selected for each of the markers; thus, two or more alleles
are selected. In some embodiments, it can be the case that a
marker locus will have more than one advantageous allele,
and in that case, either allele can be selected.

It will be appreciated that the ability to identify QTL
marker loci that correlate with newly conferred resistance,
enhanced resistance, or susceptibility to MRCV provides a
method for selecting plants that have favorable marker loci as
well. That is, any plant that is identified as comprising a
desired marker locus (e.g., a marker allele that positively
correlates with resistance) can be selected for, while plants
that lack the locus, or that have a locus that negatively corre-
lates with resistance, can be selected against. Thus, in one
method, subsequent to identification of a marker locus, the
methods include selecting (e.g., isolating) the first maize
plant or germplasm, or selecting a progeny of the first plant or
germplasm. In some embodiments, the resulting selected first
maize plant or germplasm can be crossed with a second maize
plant or germplasm (e.g., an elite or exotic maize, depending
on characteristics that are desired in the progeny).
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the second maize plant or germplasm. An introgressed maize
plant or germplasm produced by these methods is also a
feature of the invention. (In some embodiments, the favorable
introgressed allele is PH7WT/PHITI, see Table 5).

In other aspects, various mapping populations are used to
determine the linked markers of the invention. In one embodi-
ment, the mapping population used is the population derived
from the cross PH7WTxPH3DT or PHITJxPHS890. In other
embodiments, other populations can be used. In other aspects,
various software is used in determining linked marker loci.
For example, TASSEL, MapManager-QTX, and GeneFlow
all find use with the invention. In some embodiments, such as
when software is used in the linkage analysis, the detected
allele information (i.e., the data) is electronically transmitted
or electronically stored, for example, in a computer readable
medium.

In other aspects, various mapping populations are used to
determine the linked markers that find use in constructing the
transgenic plant. In one embodiment, the mapping population
used is the population derived from the cross
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PH7WTxPH3DT or PH9TIxPHS890. In other embodiments,
other populations can be used. In other aspects, various soft-
ware is used in determining linked marker loci used to con-
struct the transgenic plant. For example, TASSEL, MapMan-
ager-QTX, and GeneFlow all find use with the invention.

Systems for identifying a maize plant predicted to have
newly conferred resistance or enhanced resistance to MRCV
are also a feature of the invention. Typically, the systems
include a set of marker primers and/or probes configured to
detect at least one favorable allele of one or more marker
locus associated with newly conferred resistance or enhanced
resistance to MRCV, wherein the marker locus or loci are
selected from: MZA7588, MZA8381, MZA3105, MZA482,
MZA16531,MZA14553, MZA4305, MZA625, MZA15451,

MZA9105, MZA11826, MZA15490, MZA16656,
MZA2038, MZA2803, MZA18224, MZA2349, MZA564,
MZA11066, MZA18180, MZA8442, MZA15563,
MZA18036, MZA15264, MZA10384, MZA12874,

MZA12454, MZ.A8926, and MZAS5057, as well as any other
marker that is linked (or in some embodiments, closely
linked, e.g., demonstrating not more than 10% recombination
frequency) to these QTL markers; and furthermore, any
marker locus that is located within the chromosomal QTL
intervals including:

(1) MZA8381 and MZA18180;

(il)) MZA4305 and MZA2803;

(iii) MZA15490 and MZA2038;

(iv) bnlg1458b and umc1261a;

(v) bnlg1458b and umc1262a;

(vi) bnlg1327 and umc1261a; and

(viii) bnlg1327 and umc1262a.

In some embodiments, preferred QTL markers used are
selected from MZA625, MZA16656, MZA15451,
MZA15490, MZA2038, MZA11826, and MZA9105.

Where a system that performs marker detection or corre-
lation is desired, the system can also include a detector that is
configured to detect one or more signal outputs from the setof
marker probes or primers, or amplicon thereof, thereby iden-
tifying the presence or absence of the allele and/or system
instructions that correlate the presence or absence of the
favorable allele with the predicted resistance. The precise
configuration of the detector will depend on the type of label
used to detect the marker allele. Typical embodiments include
light detectors, radioactivity detectors, and the like. Detection
of the light emission or other probe label is indicative of the
presence or absence of a marker allele. Similarly, the precise
form of the instructions can vary depending on the compo-
nents of the system, e.g., they can be present as system soft-
ware in one or more integrated unit of the system, or can be
present in one or more computers or computer readable media
operably coupled to the detector. In one typical embodiment,
the system instructions include at least one look-up table that
includes a correlation between the presence or absence of the
favorable allele and predicted newly conferred resistance,
enhanced resistance, or susceptibility.

In some embodiments, the system can be comprised of
separate elements or can be integrated into a single unit for
convenient detection of markers alleles and for performing
marker-resistance trait correlations. In some embodiments,
the system can also include a sample, for example, genomic
DNA, amplified genomic DNA, cDNA, amplified cDNA,
RNA, or amplified RNA from maize or from a selected maize
plant tissue.

Kits are also a feature of the invention. For example, a kit
can include appropriate primers or probes for detecting resis-
tance-associated marker loci and instructions in using the
primers or probes for detecting the marker loci and correlat-
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ing the loci with predicted MRCV resistance. The kits can
further include packaging materials for packaging the probes,
primers or instructions, controls such as control amplification
reactions that include probes, primers or template nucleic
acids for amplifications, molecular size markers, or the like.

DEFINITIONS

Before describing the present invention in detail, it is to be
understood that this invention is not limited to particular
embodiments, which can, of course, vary. It is also to be
understood that the terminology used herein is for the purpose
of describing particular embodiments only, and is not
intended to be limiting. As used in this specification and the
appended claims, terms in the singular and the singular forms
“a”, “an” and “the”, for example, include plural referents
unless the content clearly dictates otherwise. Thus, for
example, reference to “plant”, “the plant” or “a plant” also
includes a plurality of plants; also, depending on the context,
use of the term “plant” can also include genetically similar or
identical progeny of that plant; use of the term “a nucleic
acid” optionally includes, as a practical matter, many copies
of that nucleic acid molecule; similarly, the term “probe”
optionally (and typically) encompasses many similar or iden-
tical probe molecules.

Unless otherwise indicated, nucleic acids are written left to
right in 5' to 3' orientation. Numeric ranges recited within the
specification are inclusive of the numbers defining the range
and include each integer or any non-integer fraction within
the defined range. Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
the invention pertains. Although any methods and materials
similar or equivalent to those described herein can be used in
the practice for testing of the present invention, the preferred
materials and methods are described herein. In describing and
claiming the present invention, the following terminology
will be used in accordance with the definitions set out below.

A “plant” can be a whole plant, any part thereof, ora cell or
tissue culture derived from a plant. Thus, the term “plant” can
refer to any of: whole plants, plant components or organs
(e.g., leaves, stems, roots, etc.), plant tissues, seeds, plant
cells, and/or progeny of the same. A plant cell is a cell of a
plant, taken from a plant, or derived through culture from a
cell taken from a plant. Thus, the term “maize plant” includes
whole maize plants, maize plant cells, maize plant protoplast,
maize plant cell or maize tissue culture from which maize
plants can be regenerated, maize plant calli, maize plant
clumps and maize plant cells that are intact in maize plants or
parts of maize plants, such as maize seeds, maize cobs, maize
flowers, maize cotyledons, maize leaves, maize stems, maize
buds, maize roots, maize root tips and the like.

“Germplasm” refers to genetic material of or from an indi-
vidual (e.g., a plant), a group of individuals (e.g., a plant line,
variety or family), or a clone derived from a line, variety,
species, or culture. The germplasm can be part of an organism
or cell, or can be separate from the organism or cell. In
general, germplasm provides genetic material with a specific
molecular makeup that provides a physical foundation for
some or all of the hereditary qualities of an organism or cell
culture. As used herein, germplasm includes cells, seed or
tissues from which new plants may be grown, or plant parts,
such as leafs, stems, pollen, or cells, that can be cultured into
a whole plant.

The term “allele” refers to one of two or more different
nucleotide sequences that occur at a specific locus. For
example, a first allele can occur on one chromosome, while a
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second allele occurs on a second homologous chromosome,
e.g., as occurs for different chromosomes of a heterozygous
individual, or between different homozygous or heterozy-
gous individuals in a population. A “favorable allele” is the
allele at a particular locus that confers, or contributes to, an
agronomically desirable phenotype, e.g., resistance to
MRCYV, or alternatively, is an allele that allows the identifi-
cation of susceptible plants that can be removed from a breed-
ing program or planting. A favorable allele of a marker is a
marker allele that segregates with the favorable phenotype, or
alternatively, segregates with susceptible plant phenotype,
therefore providing the benefit of identifying disease-prone
plants. A favorable allelic form of a chromosome segment is
a chromosome segment that includes a nucleotide sequence
that contributes to superior agronomic performance at one or
more genetic loci physically located on the chromosome seg-
ment. “Allele frequency” refers to the frequency (proportion
or percentage) at which an allele is present at a locus within an
individual, within a line, or within a population of lines. For
example, for an allele “A”, diploid individuals of genotype
“AA”, “Aa”, or “aa” have allele frequencies 0f 1.0, 0.5, or 0.0,
respectively. One can estimate the allele frequency within a
line by averaging the allele frequencies of a sample of indi-
viduals from that line. Similarly, one can calculate the allele
frequency within a population of lines by averaging the allele
frequencies of lines that make up the population. For a popu-
lation with a finite number of individuals or lines, an allele
frequency can be expressed as a count of individuals or lines
(or any other specified grouping) containing the allele.

An allele “positively” correlates with a trait when it is
linked to it and when presence of the allele is an indictor that
the desired trait or trait form will occur in a plant comprising
the allele. An allele negatively correlates with a trait when it
is linked to it and when presence of the allele is an indicator
that a desired trait or trait form will not occur in a plant
comprising the allele.

An individual is “homozygous” if the individual has only
one type of allele at a given locus (e.g., a diploid individual
has a copy of the same allele at a locus for each of two
homologous chromosomes). An individual is “heterozygous™
if more than one allele type is present at a given locus (e.g., a
diploid individual with one copy each of two different alle-
les). The term “homogeneity” indicates that members of a
group have the same genotype at one or more specific loci. In
contrast, the term “heterogeneity” is used to indicate that
individuals within the group differ in genotype at one or more
specific loci.

A “locus” is a chromosomal region where a polymorphic
nucleic acid, trait determinant, gene or marker is located.
Thus, for example, a “gene locus” is a specific chromosome
location in the genome of a species where a specific gene can
be found.

The term “quantitative trait locus” or “QTL” refers to a
polymorphic genetic locus with at least one allele that corre-
lates with the differential expression of a phenotypic trait in at
least one genetic background, e.g., in at least one breeding
population or progeny. A QTL can act through a single gene
mechanism or by a polygenic mechanism.

The terms “marker”, “molecular marker”, “marker nucleic
acid”, and “marker locus” refer to a nucleotide sequence or
encoded product thereof (e.g., a protein) used as a point of
reference when identifying a linked locus. A marker can be
derived from genomic nucleotide sequence or from expressed
nucleotide sequences (e.g., from a spliced RNA or a cDNA),
or from an encoded polypeptide. The term also refers to
nucleic acid sequences complementary to or flanking the
marker sequences, such as nucleic acids used as probes or
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primer pairs capable of amplifying the marker sequence. A
“marker probe” is a nucleic acid sequence or molecule that
can be used to identify the presence of a marker locus, e.g., a
nucleic acid probe that is complementary to a marker locus
sequence. Alternatively, in some aspects, a marker probe
refers to a probe of any type that is able to distinguish (i.e.,
genotype) the particular allele that is present at a marker
locus. Nucleic acids are “complementary” when they specifi-
cally hybridize in solution, e.g., according to Watson-Crick
base pairing rules. A “marker locus” is a locus that can be used
to track the presence of a second linked locus, e.g., a linked
locus that encodes or contributes to expression of a pheno-
typic trait. For example, a marker locus can be used to monitor
segregation of alleles at a locus, such as a QTL, that are
genetically or physically linked to the marker locus. Thus, a
“marker allele”, alternatively an “allele of a marker locus”, is
one of a plurality of polymorphic nucleotide sequences found
at a marker locus in a population that is polymorphic for the
marker locus. In some aspects, the present invention provides
marker loci correlating with resistance to MRCV in maize.
Each of the identified markers is expected to be in close
physical and genetic proximity (resulting in physical and/or
genetic linkage) to a genetic element, e.g., a QTL, that con-
tributes to resistance.

“Genetic markers” are nucleic acids that are polymorphic
in a population and where the alleles of which can be detected
and distinguished by one or more analytic methods, e.g.,
RFLP, AFLP, isozyme, SNP, SSR, and the like. The term also
refers to nucleic acid sequences complementary to the
genomic sequences, such as nucleic acids used as probes.

Markers corresponding to genetic polymorphisms
between members of a population can be detected by methods
well-established in the art. These include, e.g., PCR-based
sequence specific amplification methods, detection of restric-
tion fragment length polymorphisms (RFLP), detection of
isozyme markers, detection of polynucleotide polymor-
phisms by allele specific hybridization (ASH), detection of
amplified variable sequences of the plant genome, detection
of self-sustained sequence replication, detection of simple
sequence repeats (SSRs), detection of single nucleotide poly-
morphisms (SNPs), or detection of amplified fragment length
polymorphisms (AFLPs). Well established methods are also
know for the detection of expressed sequence tags (ESTs) and
SSR markers derived from EST sequences and randomly
amplified polymorphic DNA (RAPD).

A “genetic map” is a description of genetic linkage rela-
tionships among loci on one or more chromosomes (or link-
age groups) within a given species, generally depicted in a
diagrammatic or tabular form. “Genetic mapping” is the pro-
cess of defining the linkage relationships of loci through the
use of genetic markers, populations segregating for the mark-
ers, and standard genetic principles of recombination fre-
quency. A “genetic map location” is a location on a genetic
map relative to surrounding genetic markers on the same
linkage group where a specified marker can be found within
a given species. In contrast, a “physical map” of the genome
refers to absolute distances (for example, measured in base
pairs or isolated and overlapping contiguous genetic frag-
ments, e.g., contigs). A physical map of the genome does not
take into account the genetic behavior (e.g., recombination
frequencies) between different points on the physical map.

A “genetic recombination frequency” is the frequency of a
crossing over event (recombination) between two genetic
loci. Recombination frequency can be observed by following
the segregation of markers and/or traits following meiosis. A
genetic recombination frequency can be expressed in centi-
morgans (cM), where one cM is the distance between two
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genetic markers that show a 1% recombination frequency
(i.e., a crossing-over event occurs between those two markers
once in every 100 cell divisions).

As used herein, the term “linkage” is used to describe the
degree with which one marker locus is “associated with”
another marker locus or some other locus (for example, a
resistance locus).

Asused herein, “linkage equilibrium” describes a situation
where two markers independently segregate, i.e., sort among
progeny randomly. Markers that show linkage equilibrium
are considered unlinked (whether or not they lie on the same
chromosome).

As used herein, “linkage disequilibrium” describes a situ-
ation where two markers segregate in a non-random manner,
i.e., have a recombination frequency of less than 50% (and by
definition, are separated by less than 50 ¢cM on the same
linkage group). Markers that show linkage disequilibrium are
considered linked. Linkage occurs when the marker locus and
a linked locus are found together in progeny plants more
frequently than not together in the progeny plants. As used
herein, linkage can be between two markers, or alternatively
between a marker and a phenotype. A marker locus can be
associated with (linked to) a trait, e.g., a marker locus can be
associated with newly conferred resistance or enhanced resis-
tance to a plant pathogen when the marker locus is in linkage
disequilibrium with the resistance trait. The degree of linkage
of'a molecular marker to a phenotypic trait is measured, e.g.,
as a statistical probability of co-segregation of that molecular
marker with the phenotype.

Asused herein, the linkage relationship between a molecu-
lar marker and a phenotype is given as a “probability” or
“adjusted probability”. The probability value is the statistical
likelihood that the particular combination of a phenotype and
the presence or absence of a particular marker allele is ran-
dom. Thus, the lower the probability score, the greater the
likelihood that a phenotype and a particular marker will co-
segregate. In some aspects, the probability score is considered
“significant” or “nonsignificant”. In some embodiments, a
probability score of 0.05 (p=0.05, or a 5% probability) of
random assortment is considered a significant indication of
co-segregation. However, the present invention is not limited
to this particular standard, and an acceptable probability can
be any probability of less than 50% (p=0.5). For example, a
significant probability can be less than 0.25, less than 0.20,
less than 0.15, or less than 0.1.

The term “physically linked” is sometimes used to indicate
that two loci, e.g., two marker loci, are physically present on
the same chromosome.

Advantageously, the two linked loci are located in close
proximity such that recombination between homologous
chromosome pairs does not occur between the two loci during
meiosis with high frequency, e.g., such that linked loci co-
segregate at least about 90% of the time, e.g., 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.75%, or
more of the time.

The phrase “closely linked”, in the present application,
means that recombination between two linked loci occurs
with a frequency of equal to or less than about 10% (i.e., are
separated on a genetic map by not more than 10 cM). Put
another way, the closely linked loci co-segregate at least 90%
of the time. Marker loci are especially useful in the present
invention when they demonstrate a significant probability of
co-segregation (linkage) with a desired trait (e.g., pathogenic
resistance). For example, in some aspects, these markers can
be termed linked QTL markers. In other aspects, especially
useful molecular markers are those markers that are linked or
closely linked.
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In some aspects, linkage can be expressed as any desired
limit or range. For example, in some embodiments, two
linked loci are two loci that are separated by less than 50 cM
map units. In other embodiments, linked loci are two loci that
are separated by less than 40 cM. In other embodiments, two
linked loci are two loci that are separated by less than 30 cM.
In other embodiments, two linked loci are two loci that are
separated by less than 25 ¢cM. In other embodiments, two
linked loci are two loci that are separated by less than 20 cM.
In other embodiments, two linked loci are two loci that are
separated by less than 15 cM. In some aspects, it is advanta-
geous to define a bracketed range of linkage, for example,
between 10 and 20 cM, or between 10 and 30 cM, or between
10 and 40 cM.

The more closely a marker is linked to a second locus, the
better an indicator for the second locus that marker becomes.
Thus, in one embodiment, closely linked loci such as a marker
locus and a second locus display an inter-locus recombination
frequency of 10% or less, preferably about 9% or less, still
more preferably about 8% or less, yet more preferably about
7% or less, still more preferably about 6% or less, yet more
preferably about 5% or less, still more preferably about 4% or
less, yet more preferably about 3% or less, and still more
preferably about 2% or less. In highly preferred embodi-
ments, the relevant loci display a recombination a frequency
of'about 1% or less, e.g., about 0.75% or less, more preferably
about 0.5% or less, or yet more preferably about 0.25% or
less. Two loci that are localized to the same chromosome, and
at such a distance that recombination between the two loci
occurs at a frequency of less than 10% (e.g., about 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.75%, 0.5%, 0.25%, or less)
are also said to be “proximal to” each other. In some cases,
two different markers can have the same genetic map coordi-
nates. In that case, the two markers are in such close proxim-
ity to each other that recombination occurs between them
with such low frequency that it is undetectable.

When referring to the relationship between two genetic
elements, such as a genetic element contributing to resistance
and a proximal marker, “coupling” phase linkage indicates
the state where the “favorable” allele at the resistance locus is
physically associated on the same chromosome strand as the
“favorable” allele of the respective linked marker locus. In
coupling phase, both favorable alleles are inherited together
by progeny that inherit that chromosome strand. In “repul-
sion” phase linkage, the “favorable” allele at the locus of
interest is physically linked with an “unfavorable” allele at the
proximal marker locus, and the two “favorable” alleles are not
inherited together (i.e., the two loci are “out of phase” with
each other).

Asused herein, the terms “chromosome interval” or “chro-
mosome segment” designate a contiguous linear span of
genomic DNA that resides in planta on a single chromosome.
The genetic elements or genes located on a single chromo-
some interval are physically linked. The size of a chromo-
some interval is not particularly limited.

In some aspects, for example in the context of the present
invention, generally the genetic elements located within a
single chromosome interval are also genetically linked, typi-
cally within a genetic recombination distance of, for example,
less than or equal to 20 cM, or alternatively, less than or equal
to 10 cM. That is, two genetic elements within a single chro-
mosome interval undergo recombination at a frequency of
less than or equal to 20% or 10%.

In one aspect, any marker of the invention is linked (geneti-
cally and physically) to any other marker that is at or less than
50 cM distant. In another aspect, any marker of the invention
is closely linked (genetically and physically) to any other
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marker that is in close proximity, e.g., at or less than 10 cM
distant. Two closely linked markers on the same chromosome
can be positioned 9, 8,7, 6, 5,4,3,2,1,0.75,0.5 or 0.25 cM
or less from each other.

The phrase “disease caused by Mal de Rio Cuarto Virus” or
“disease caused by MRCV” refers to the plant disease caused
by an infection of the plant with MRCV.

“Newly conferred resistance” or “enhanced resistance” in
a maize plant to MRCYV is an indication that the maize plant
is less affected with respect to yield and/or survivability or
other relevant agronomic measures, upon introduction of the
causative agents of that disease. Resistance is a relative term,
indicating that the infected plant produces better yield of
maize than another, similarly treated, more susceptible plant.
That is, the conditions cause a reduced decrease in maize
survival and/or yield in a resistant maize plant, as compared to
a susceptible maize plant.

One of skill will appreciate that maize plant resistance to
MRCYV varies widely, can represent a spectrum of more resis-
tant or less resistant phenotypes, and can vary depending on
the severity of the infection. However, by simple observation,
one of skill can determine the relative resistance or suscepti-
bility of different plants, plant lines or plant families to
MRCYV, and furthermore, will also recognize the phenotypic
gradations of “resistant” (an exemplary scoring system is
presented in Example 7 below). As used in the art, “resis-
tance” is sometimes referred to as “general resistance”, “rate-
reducing resistance”, or “partial resistance”.

The term “crossed” or “cross” in the context of this inven-
tion means the fusion of gametes via pollination to produce
progeny (e.g., cells, seeds or plants). The term encompasses
both sexual crosses (the pollination of one plant by another)
and selfing (self-pollination, e.g., when the pollen and ovule
are from the same plant).

The term “introgression” refers to the transmission of a
desired allele of a genetic locus from one genetic background
to another. For example, introgression of a desired allele at a
specified locus can be transmitted to at least one progeny via
a sexual cross between two parents of the same species, where
at least one of the parents has the desired allele in its genome.
Alternatively, for example, transmission of an allele can
occur by recombination between two donor genomes, e.g., in
a fused protoplast, where at least one of the donor protoplasts
has the desired allele in its genome. The desired allele can be,
e.g., a selected allele of a marker, a QTL, a transgene, or the
like. In any case, offspring comprising the desired allele can
be repeatedly backcrossed to a line having a desired genetic
background and selected for the desired allele, to result in the
allele becoming fixed in a selected genetic background.

A “line” or “strain” is a group of individuals of identical
parentage that are generally inbred to some degree and that
are generally homozygous and homogeneous at most loci
(isogenic or near isogenic). A “subline” refers to an inbred
subset of descendents that are genetically distinct from other
similarly inbred subsets descended from the same progenitor.

An “ancestral line” is a parent line used as a source of genes
e.g., for the development of elite lines. An “ancestral popu-
lation” is a group of ancestors that have contributed the bulk
of the genetic variation that was used to develop elite lines.
“Descendants™ are the progeny of ancestors, and may be
separated from their ancestors by many generations of breed-
ing. For example, elite lines are the descendants of their
ancestors. A “pedigree structure” defines the relationship
between a descendant and each ancestor that gave rise to that
descendant. A pedigree structure can span one or more gen-
erations, describing relationships between the descendant
and it’s parents, grand parents, great-grand parents, etc.
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An “elite line” or “elite strain” is an agronomically supe-
rior line that has resulted from many cycles of breeding and
selection for superior agronomic performance. Numerous
elite lines are available and known to those of skill in the art
of' maize breeding. An “elite population” is an assortment of
elite individuals or lines that can be used to represent the state
of the art in terms of agronomically superior genotypes of a
given crop species, such as maize. Similarly, an “elite germ-
plasm” or elite strain of germplasm is an agronomically supe-
rior germplasm, typically derived from and/or capable of
giving rise to a plant with superior agronomic performance,
such as an existing or newly developed elite line of maize.

In contrast, an “exotic maize strain” or an “exotic maize
germplasm” is a strain or germplasm derived from a maize
not belonging to an available elite maize line or strain of
germplasm. In the context of a cross between two maize
plants or strains of germplasm, an exotic germplasm is not
closely related by descent to the elite germplasm with which
it is crossed. Most commonly, the exotic germplasm is not
derived from any known elite line of maize, but rather is
selected to introduce novel genetic elements (typically novel
alleles) into a breeding program.

Theterm “amplifying” in the context of nucleic acid ampli-
fication is any process whereby additional copies of a selected
nucleic acid (or a transcribed form thereof) are produced.
Typical amplification methods include various polymerase
based replication methods, including the polymerase chain
reaction (PCR), ligase mediated methods such as the ligase
chain reaction (LCR) and RNA polymerase based amplifica-
tion (e.g., by transcription) methods. An “amplicon” is an
amplified nucleic acid, e.g., a nucleic acid that is produced by
amplifying a template nucleic acid by any available amplifi-
cation method (e.g., PCR, LCR, transcription, or the like).

A “genomic nucleic acid” is anucleic acid that corresponds
in sequence to a heritable nucleic acid in a cell. Common
examples include nuclear genomic DNA and amplicons
thereof. A genomic nucleic acid is, in some cases, different
from a spliced RNA, or a corresponding cDNA, in that the
spliced RNA or cDNA is processed, e.g., by the splicing
machinery, to remove introns. Genomic nucleic acids option-
ally comprise non-transcribed (e.g., chromosome structural
sequences, promoter regions, or enhancer regions) and/or
non-translated sequences (e.g., introns), whereas spliced
RNA/cDNA typically do not have non-transcribed sequences
or introns. A “template nucleic acid” is a nucleic acid that
serves as a template in an amplification reaction (e.g., a poly-
merase based amplification reaction such as PCR, a ligase
mediated amplification reaction such as LCR, a transcription
reaction, or the like). A template nucleic acid can be genomic
in origin, or alternatively, can be derived from expressed
sequences, e.g., a cDNA or an EST.

An “exogenous nucleic acid” is a nucleic acid that is not
native to a specified system (e.g., a germplasm, plant, or
variety), with respect to sequence, genomic position, or both.
As used herein, the terms “exogenous” or “heterologous” as
applied to polynucleotides or polypeptides typically refers to
molecules that have been artificially supplied to a biological
system (e.g., a plant cell, a plant gene, a particular plant
species or variety or a plant chromosome under study) and are
not native to that particular biological system. The terms can
indicate that the relevant material originated from a source
other than a naturally occurring source, or can refer to mol-
ecules having a non-natural configuration, genetic location or
arrangement of parts.

In contrast, for example, a “native” or “endogenous” gene
is a gene that does not contain nucleic acid elements encoded
by sources other than the chromosome or other genetic ele-
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ment on which it is normally found in nature. An endogenous
gene, transcript or polypeptide is encoded by its natural chro-
mosomal locus, and not artificially supplied to the cell.

The term “recombinant™ in reference to a nucleic acid or
polypeptide indicates that the material (e.g., a recombinant
nucleic acid, gene, polynucleotide, or polypeptide) has been
altered by human intervention. Generally, the arrangement of
parts of a recombinant molecule is not a native configuration,
or the primary sequence of the recombinant polynucleotide or
polypeptide has in some way been manipulated. The alter-
ation to yield the recombinant material can be performed on
the material within or removed from its natural environment
or state. For example, a naturally occurring nucleic acid
becomes a recombinant nucleic acid if it is altered, or if it is
transcribed from DNA which has been altered, by means of
human intervention performed within the cell from which it
originates. A gene sequence open reading frame is recombi-
nant if that nucleotide sequence has been removed from its
natural context and cloned into any type of artificial nucleic
acid vector. Protocols and reagents to produce recombinant
molecules, especially recombinant nucleic acids, are com-
mon and routine in the art. In one embodiment, an artificial
chromosome can be created and inserted into maize plants by
any method known in the art (e.g., direct transfer processes,
such as, e.g., PEG-induced DNA uptake, protoplast fusion,
microinjection, electroporation, and microprojectile bom-
bardment). An artificial chromosome is a piece of DNA that
can stably replicate and segregate alongside endogenous
chromosomes. It has the capacity to accommodate and
express heterologous genes inserted therein. Integration of
heterologous DNA into the megareplicator region (primary
replication initiation site of centromeres) or in close proxim-
ity thereto, initiates a large-scale amplification of megabase-
size chromosomal segments, which leads to de novo chromo-
some formation. See, e.g., U.S. Pat. No. 6,077,697,
incorporated herein by reference.

The term recombinant can also refer to an organism that
harbors recombinant material, e.g., a plant that comprises a
recombinant nucleic acid is considered a recombinant plant.
In some embodiments, a recombinant organism is a trans-
genic organism.

The term “introduced” when referring to translocating a
heterologous or exogenous nucleic acid into a cell refers to
the incorporation of the nucleic acid into the cell using any
methodology. The term encompasses such nucleic acid intro-
duction methods as “transfection”, “transformation”, and
“transduction”.

As used herein, the term “vector” is used in reference to
polynucleotide or other molecules that transfer nucleic acid
segment(s) into a cell. The term “vehicle” is sometimes used
interchangeably with “vector”. A vector optionally comprises
parts which mediate vector maintenance and enable its
intended use (e.g., sequences necessary for replication, genes
imparting drug or antibiotic resistance, a multiple cloning
site, or operably linked promoter/enhancer elements which
enable the expression of a cloned gene). Vectors are often
derived from plasmids, bacteriophages, or plant or animal
viruses. A “cloning vector” or “shuttle vector” or “subcloning
vector” contains operably linked parts that facilitate subclon-
ing steps (e.g., a multiple cloning site containing multiple
restriction endonuclease sites).

The term “expression vector” as used herein refers to a
vector comprising operably linked polynucleotide sequences
that facilitate expression of a coding sequence in a particular
host organism (e.g., a bacterial expression vector or a plant
expression vector). Polynucleotide sequences that facilitate
expression in prokaryotes typically include, e.g., a promoter,
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an operator (optional), and a ribosome binding site, often
along with other sequences. Eukaryotic cells can use promot-
ers, enhancers, termination and polyadenylation signals and
other sequences that are generally different from those used
by prokaryotes.

The term “transgenic plant” refers to a plant that comprises
within its cells a heterologous polynucleotide. Generally, the
heterologous polynucleotide is stably integrated within the
genome such that the polynucleotide is passed on to succes-
sive generations. The heterologous polynucleotide may be
integrated into the genome alone or as part of a recombinant
expression cassette. “Transgenic” is used herein to refer to
any cell, cell line, callus, tissue, plant part or plant, the geno-
type of which has been altered by the presence of heterolo-
gous nucleic acid including those transgenic organisms or
cells initially so altered, as well as those created by crosses or
asexual propagation from the initial transgenic organism or
cell. The term “transgenic” as used herein does not encom-
pass the alteration of the genome (chromosomal or extra-
chromosomal) by conventional plant breeding methods (e.g.,
crosses) or by naturally occurring events such as random
cross-fertilization, non-recombinant viral infection, non-re-
combinant bacterial transformation, non-recombinant trans-
position, or spontaneous mutation.

“Positional cloning” is a cloning procedure in which a
target nucleic acid is identified and isolated by its genomic
proximity to marker nucleic acid. For example, a genomic
nucleic acid clone can include part or all of two more chro-
mosomal regions that are proximal to one another. If a marker
can be used to identify the genomic nucleic acid clone from a
genomic library, standard methods such as sub-cloning or
sequencing can be used to identify and/or isolate subse-
quences of the clone that are located near the marker.

A specified nucleic acid is “derived from™ a given nucleic
acid when it is constructed using the given nucleic acid’s
sequence, or when the specified nucleic acid is constructed
using the given nucleic acid. For example, a cDNA or EST is
derived from an expressed mRNA.

The term “genetic element” or “gene” refers to a heritable
sequence of DNA, i.e., a genomic sequence, with functional
significance. The term “gene” can also be used to referto, e.g.,
a cDNA and/or a mRNA encoded by a genomic sequence, as
well as to that genomic sequence.

The term “genotype” is the genetic constitution of an indi-
vidual (or group of individuals) at one or more genetic loci, as
contrasted with the observable trait (the phenotype). Geno-
type is defined by the allele(s) of one or more known loci that
the individual has inherited from its parents. The term geno-
type can be used to refer to an individual’s genetic constitu-
tion at a single locus, at multiple loci, or, more generally, the
term genotype can be used to refer to an individual’s genetic
make-up for all the genes in its genome. A “haplotype” is the
genotype of an individual at a plurality of genetic loci. Typi-
cally, the genetic loci described by a haplotype are physically
and genetically linked, i.e., on the same chromosome seg-
ment.

The terms “phenotype”, or “phenotypic trait” or “trait”
refers to one or more trait of an organism. The phenotype can
be observable to the naked eye, or by any other means of
evaluation known in the art, e.g., microscopy, biochemical
analysis, genomic analysis, or an assay for a particular dis-
ease resistance. In some cases, a phenotype is directly con-
trolled by a single gene or genetic locus, i.e., a “single gene
trait”. In other cases, a phenotype is the result of several
genes.

A “molecular phenotype” is a phenotype detectable at the
level of a population of (one or more) molecules. Such mol-
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ecules can be nucleic acids such as genomic DNA or RNA,
proteins, or metabolites. For example, a molecular phenotype
can be an expression profile for one or more gene products,
e.g., at a specific stage of plant development, in response to an
environmental condition or stress, etc. Expression profiles are
typically evaluated at the level of RNA or protein, e.g., on a
nucleic acid array or “chip” or using antibodies or other
binding proteins.

The term “yield” refers to the productivity per unit area of
a particular plant product of commercial value. For example,
yield of maize is commonly measured in bushels of seed per
acre or metric tons of seed per hectare per season. Yield is
affected by both genetic and environmental factors. “Agro-
nomics”, “agronomic traits”, and “agronomic performance”
refer to the traits (and underlying genetic elements) of a given
plant variety that contribute to yield over the course of grow-
ing season. Individual agronomic traits include emergence
vigor, vegetative vigor, stress tolerance, disease resistance or
tolerance, herbicide resistance, branching, flowering, seed
set, seed size, seed density, standability, threshability and the
like. Yield is, therefore, the final culmination of all agronomic
traits.

A “set” of markers or probes refers to a collection or group
of markers or probes, or the data derived therefrom, used for
a common purpose, e.g., identifying maize plants with a
desired trait (e.g., resistance to MRCV). Frequently, data
corresponding to the markers or probes, or data derived from
their use, is stored in an electronic medium. While each of the
members of a set possess utility with respect to the specified
purpose, individual markers selected from the set as well as
subsets including some, but not all, of the markers are also
effective in achieving the specified purpose.

A “look up table” is a table that correlates one form of data
to another, or one or more forms of data with a predicted
outcome that the data is relevant to. For example, a look up
table can include a correlation between allele data and a
predicted trait that a plant comprising a given allele is likely to
display. These tables can be, and typically are, multidimen-
sional, e.g., taking multiple alleles into account simulta-
neously, and, optionally, taking other factors into account as
well, such as genetic background, e.g., in making a trait
prediction.

A “computer readable medium” is an information storage
media that can be accessed by a computer using an available
or custom interface. Examples include memory (e.g., ROM,
RAM, or flash memory), optical storage media (e.g., CD-
ROM), magnetic storage media (computer hard drives, floppy
disks, etc.), punch cards, and many others that are commer-
cially available. Information can be transmitted between a
system of interest and the computer, or to or from the com-
puter and the computer readable medium for storage or access
of stored information. This transmission can be an electrical
transmission, or can be made by other available methods,
such as an IR link, a wireless connection, or the like.

“System instructions” are instruction sets that can be par-
tially or fully executed by the system. Typically, the instruc-
tion sets are present as system software.

BRIEF DESCRIPTION OF THE DRAWINGS AND
SEQUENCES

FIG. 1A shows a structured association analysis of an
Argentinean group. Note: significant region (p-value: less
than 0.00005) from position 65.99 to 85.84. X axis: Distance
expressed on cM from the extreme of Chr 2.Y axis: probabil-
ity value. FIG. 1B shows a structured association analysis for
an SS group. Note: main significant marker at MRCV1,
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MZA1525 at position 54.62 and MZA11826 at position
65.99. X axis: Distance expressed on cM from the extreme of
chromosome 2. Y axis: probability value. FIG. 1C shows a
structured association analysis for another SS group. Note:
The highest associated marker on the short arm of chromo-
some 2 was MZA12899 at position 53.83 (p=0.000298). X
axis: Distance expressed on cM from the extreme of chromo-
some 2.Y axis: probability value.

FIG. 2 shows an interval mapping for the PH3DTxPH7WT
cross. Chromosome 2, LOD score peak: position 65.89, 46%
of phenotypic variation.

FIG. 3A shows a graphic of genotypes at the QTL region
and averaged phenotypes (MRCVSC) for a group of recom-
binants of the high resolution mapping BC5F3 population
from the cross PH3DTXPH7WT. The piece of the resistant
parent into the susceptible background and the region of
recombination is shown. The region includes the recombi-
nants located between MZA1525-98-A and MZA10094-9-A.
FIG. 3B shows a graphic of genotypes at the QTL region and
averaged phenotypes (MRCVSC) for a group of recombi-
nants of the high resolution mapping BC5F3 population from
the cross PH3DTXxPH7WT. The piece of the resistant parent
into the susceptible background and the region of recombi-
nation is shown. The region includes the recombinants
located between MZA15490 and MZA18224. Italso includes
three recombinants in the interval MZA11826 to MZA9105
genetically characterized. Phenotype is indicated by the
circles at the right of the graphic (black circles: susceptible;
white circles: resistant; diagonal lined circle: mix of resistant
and susceptible; gray circles: unknown).

FIG. 4 shows an interval mapping for the PH3DTxPH7WT
cross. Chromosome 2, LOD score peak: position 65.99
(MZA2038). MZA11826 and MZA9105 were not included
in the analysis because there were not recombinants respects
to MZA2038 in this specific population. Note: the genetic
map was adapted to permit interval mapping at 65.99 posi-
tion; markers MZA16656, MZA15490 and MZA2038 are
highly linked on distances below 0.5 cM, but they were arti-
ficially positioned at distances of 0.5 cM for this specific
analysis.

FIG. 5 shows an interval mapping analysis for the
PHI9TIxPH890 cross on specific QTL regions on Chr 2 and
Chr 5. Chromosome 2, LOD score peak: position 65.99-68.8.
There were no recombinants between the preferred markers
and markers at position 68.8; thus, only MZA9105 was
included as representative of preferred markers for this analy-
sis.

FIG. 6 shows the chromosome 2 QTL region between
markers MZA15490 and MZA2038.

FIG. 7 shows a graphic of the region at the MZA15490 to
MZA2038 interval where the position of specific sequenced
fragments in a group of representative susceptible and resis-
tant inbreds is indicated.

FIG. 8 shows a graphic description of a recombinant at the
MZA15490 to MZA2038 interval. The point of recombina-
tion was located inside PCO644442, generating a quimeric
gene from resistant (PH7WT) and susceptible (PH3DT) par-
ents. The position of SNPs and indels is indicated in the
sequenced region.

FIG. 9 shows the performance (MRDV score) of maize
hybrids under MRDV infection across genotypic classes for
the region of preferred markers. “-2”, “0” and “2” in the X
coordinate (genotypic class) represent the genotypic classes
of susceptible haplotype, heterozygous haplotype and
homozygous resistant haplotype, respectively.
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FIG. 10 is an interval map of mean phenotypic scores
across three crop seasons for the PH7WTxPH3DT mapping
population. Note that the LOD score peak is close to
umc1756.

FIG. 11 is a composite interval map of mean phenotypic
scores across three crop seasons for the PH7WTxPH3DT
mapping population. Note that the LOD score peak is close to
the umc1756-umc1518 interval.

FIG. 12 is a composite interval map of the PHITIxPH890
mapping population. The LOD score peak for the MRCV1
QTL was located at position 65.99-68.8.

FIGS. 13A-13C represent a Clustal W sequence alignment
between SEQ ID NO:211 (pco644442 promoter from
PH7WT) and SEQ ID NO:212 (pco644442 promoter from
PH3DT).

The following sequence descriptions summarize the
Sequence Listing attached hereto. The Sequence Listing con-
tains one letter codes for nucleotide sequence characters and
the single and three letter codes for amino acids as defined in
the TUPAC-IUB standards described in Nucleic Acids
Research 13:3021-3030 (1985) and in the Biochemical Jour-
nal 219(2):345-373 (1984).

SEQ ID NOs: 1-5, 8-11, 14, 15, 18, 21, 25, 29, 30, 32,
34-37, 39, and 42-48 are consensus sequences for the MZA
markers found in Table 6.

SEQIDNOs: 6,7,12,13,16,17,19,20,22-24,26-28,31,
33,38, 40, and 41 are SNP consensus sequences for the SNP
markers found in Table 7.

SEQ ID NOs: 49-56 are left and right primer sequences for
the public markers found in Table 3.

SEQ ID NOs: 57-172 are forward external, forward inter-
nal, reverse internal, and reverse external primers for the
MZA markers found in Table 6.

SEQID NOs: 173-210 are forward and reverse primers for
the SNP markers found in Table 7.

SEQ ID NO:211 is the PCO644442 promoter region of
maize inbred line PH7WT.

SEQ ID NO:212 is the PCO644442 promoter region of
maize inbred line PH3DT.

SEQ ID NO:213 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
PH3DT.

SEQ ID NO:214 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
AP19506160.

SEQ ID NO:215 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
AP19506157.

SEQ ID NO:216 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
AP19506156.

SEQ ID NO:217 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
PH7WT.

SEQ ID NO:218 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line 630.

SEQ ID NO:219 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
PHG63.

SEQ ID NO:220 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
PHKO09.

SEQ ID NO:221 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
PHR33.

SEQ ID NO:222 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line 501.
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SEQ ID NO:223 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line 157.

SEQ ID NO:224 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
PHKS56.

SEQ ID NO:225 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line 661.

SEQ ID NO:226 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
PHRO3.

SEQ ID NO:227 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
1047.

SEQ ID NO:228 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
PHJ40.

SEQ ID NO:229 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line 274.

SEQ ID NO:230 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line 165.

SEQ ID NO:231 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
B73.

SEQ ID NO:232 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
PHN47.

SEQ ID NO:233 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
PH26N.

SEQ ID NO:234 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
PHDG9.

SEQ ID NO:235 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
ST10H60.

SEQ ID NO:236 is the sequence region including
MRQV_08351 and MRQV_10673 for maize inbred line
PHKPS.

DETAILED DESCRIPTION OF THE INVENTION

The identification and selection of maize plants that show
resistance to MRCV using MAS can provide an effective and
environmentally friendly approach to overcoming losses
caused by this disease. The present invention provides maize
marker loci that demonstrate statistically significant co-seg-
regation with MRCYV resistance. Detection of these loci or
additional linked loci can be used in marker assisted maize
breeding programs to produce resistant plants, or plants with
improved resistance to MRCV or a related fijivirus. The
linked SSR and SNP markers identified herein are provided in
Tables 1 and 2. These markers include MZA625, MZA16656,
MZA15451, MZA15490, MZA2038, MZA11826, and
MZA9105.

Each of the SSR-type markers display a plurality of alleles
that can be visualized as different sized PCR amplicons. The
PCR primers that are used to generate the SSR-marker ampli-
cons are provided in Table 3. The alleles of SNP-type markers
are determined using an allele-specific hybridization proto-
col, as known in the art. The PCR primers used to amplify the
SNP domain, and the allele-specific probes used to genotype
the locus, are provided in Tables 6 and 7.
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TABLE 6

MZA primer;

MZA Marker  Forward/external Forward/internal Reverse/internal — Reverse/external MZA consensus

MZAT588 SEQIDNO:57 SEQIDNO:58 SEQIDNO:59 SEQIDNO:60 SEQIDNO:1
MZAR381 SEQ ID NO: 61 SEQIDNO: 62 SEQIDNO:63 SEQIDNO:64 SEQIDNO:2
MZA3105 SEQIDNO: 65 SEQIDNO:66 SEQIDNO:67 SEQIDNO:68 SEQIDNO:3
MZA482 SEQIDNO: 69 SEQIDNO:70 SEQIDNO:71 SEQIDNO:72 SEQIDNO: 4
MZA16531 SEQIDNO:73 SEQIDNO:74 SEQIDNO:75 SEQIDNO:76 SEQIDNO:S5
MZA625 SEQIDNO:77 SEQIDNO:78 SEQIDNO:79 SEQIDNO:80 SEQIDNO:8
MZA4305 SEQ ID NO: 81 SEQIDNO:82 SEQIDNO:83 SEQIDNO:84  SEQIDNO:9

MZA14553 SEQIDNO:85 SEQIDNO:8  SEQIDNO:87 SEQIDNO:88  SEQIDNO: 10
MZA15451 SEQIDNO:89  SEQIDNO:90 SEQIDNO:91 SEQIDNO:92 SEQIDNO: 11

MZA9105 SEQIDNO:93 SEQIDNO:94 SEQIDNO:95 SEQIDNO:96  SEQIDNO: 14
MZA2803 SEQIDNO:97 SEQIDNO:98 SEQIDNO:99 SEQIDNO:100 SEQIDNO: 15
MZA2038 SEQIDNO: 101 SEQIDNO:102 SEQIDNO:103 SEQIDNO:104 SEQIDNO: 18

MZA16656 SEQIDNO: 105 SEQIDNO:106 SEQIDNO:107 SEQIDNO:108 SEQIDNO: 21
MZA15490 SEQIDNO: 109 SEQIDNO:110 SEQIDNO:111 SEQIDNO:112 SEQIDNO: 25
MZA11826 SEQIDNO: 113 SEQIDNO:114 SEQIDNO:115 SEQIDNO:116 SEQIDNO: 29
MZAS564 SEQIDNO: 117 SEQIDNO:118 SEQIDNO:119 SEQIDNO:120 SEQIDNO: 30
MZA2349 SEQIDNO: 121 SEQIDNO:122 SEQIDNO:123 SEQIDNO:124 SEQIDNO: 32
MZA18224 SEQIDNO: 125 SEQIDNO:126 SEQIDNO:127 SEQIDNO:128 SEQIDNO: 34
MZA11066 SEQIDNO: 129 SEQIDNO:130 SEQIDNO:131 SEQIDNO:132 SEQIDNO: 35
MZAI18180 SEQIDNO: 133 SEQIDNO:134 SEQIDNO:135 SEQIDNO:136 SEQIDNO: 36
MZAR442 SEQIDNO: 137 SEQIDNO:138 SEQIDNO:139 SEQIDNO:140 SEQIDNO: 37
MZA15563 SEQIDNO: 141 SEQIDNO:142 SEQIDNO:143 SEQIDNO:144 SEQID NO: 39
MZA18036 SEQID NO: 145 SEQIDNO:146 SEQIDNO:147 SEQIDNO: 148 SEQID NO: 42
MZA15264 SEQIDNO: 149 SEQIDNO:150 SEQIDNO:151 SEQIDNO:152 SEQIDNO:43
MZA10384 SEQIDNO: 153 SEQIDNO:154 SEQIDNO:155 SEQIDNO:156 SEQIDNO:44
MZA12874 SEQIDNO: 157 SEQIDNO:158 SEQIDNO:159 SEQIDNO:160 SEQIDNO:45
MZA12454 SEQIDNO: 161 SEQIDNO:162 SEQIDNO:163 SEQIDNO:164 SEQIDNO: 46

MZA8926 SEQIDNO: 165 SEQIDNO:166 SEQIDNO:167 SEQIDNO:168 SEQID NO: 47
MZAS5057 SEQIDNO: 169 SEQIDNO:170 SEQIDNO:171 SEQIDNO:172 SEQID NO: 48
TABLE 7
SNP primers SNP alleles
SNP Marker Forward Reverse SNP SNP consensus
MZA625-30-A SEQIDNO: 173 SEQID NO: 174 T/C  SEQID NO: 6 (SNP at position 186)
MZA625-29-A SEQIDNO: 175 SEQIDNO: 176 T/C  SEQIDNO: 7 (SNP at position 165)
MZA9105-8-A SEQIDNO: 177 SEQID NO: 178 G/A  SEQIDNO: 12 (SNP at position 123)
MZA9105-6-A SEQIDNO: 179 SEQ ID NO: 180 G/A  SEQID NO: 13 (SNP at position 98)
MZA2038-76-A SEQIDNO: 181 SEQID NO: 182 T/C  SEQIDNO: 16 (SNP at position 277)
MZA2038-71-A SEQIDNO: 183 SEQID NO: 184 T/A  SEQIDNO: 17 (SNP at position 258)
MZA16656-8-A SEQIDNO: 185 SEQID NO: 186 T/C  SEQIDNO: 19 (SNP at position 85)
MZA16656-19-A  SEQID NO: 187 SEQ ID NO: 188 G/A  SEQIDNO: 20 (SNP at position 218)
MZA15490-801-A  SEQ ID NO: 189  SEQ ID NO: 190 G/C  SEQID NO: 22 (SNP at position 96)
MZA15490-138-A  SEQIDNO: 191 SEQID NO: 192 G/C  SEQID NO: 23 (SNP at position 96)
MZA15490-137-A  SEQIDNO: 193 SEQID NO: 194 C/A SEQID NO: 24 (SNP at position 84)
MZA11826-803-A  SEQID NO: 195 SEQ ID NO: 196 C/T  SEQID NO: 27 (SNP at position 701)
MZA11826-801-A  SEQID NO: 197 SEQ ID NO: 198 A/G  SEQID NO: 26 (SNP at position 89)
MZA11826-27-A  SEQIDNO: 199 SEQ ID NO: 200 T/C  SEQIDNO: 28 (SNP at position 222)
MZA2349-71-A SEQIDNO: 201  SEQ ID NO: 202 T/C  SEQIDNO: 31 (SNP at position 133)
MZA18224-801-A  SEQID NO: 203 SEQ ID NO: 204 A/G  SEQID NO: 33 (SNP at position 188)
MZA15563-12-A  SEQID NO:205 SEQ ID NO: 206 T/A  SEQID NO: 38 (SNP at position 601)
MZA18036-9-A SEQID NO: 207 SEQ ID NO: 208 A/G  SEQID NO: 40 (SNP at position 90)
MZA18036-23-A  SEQIDNO:209 SEQ ID NO: 210 A/G  SEQID NO: 41 (SNP at position 285)
. 55
Tables 6 and 7 list the SNP markers that demonstrated TABLE 8
linkage disequilibrium with the MRCYV resistance phenotype.
These tables provide the sequences of the PCR primers used Linked Markers

to generate a SNP-containing amplicon, and the allele-spe- 0618500, peo116928a, 50209308, pol02443, sog5467ac, 1721111,
cific probes that were used to identify the SNP allele in an 60 k4-14p, pco135612a, peol101521, si687005h09¢, si707023g07¢,
allele-specific hybridization assay (ASH assay). cl15901__1a, pco134907, si660032f12i, cl7048_1b, cl2578 1,

As recognized in the art, any other marker that is linked to cl5312_ 1a, pco094715, sog5829a, cl30__le, pcol25905, sog0690,

a QTL marker (e.g., a disease resistance marker) also finds Eﬁgﬁg}lZ’iggzééizfg;gfgfg fé pcloiiigg%’S%CZ?Sjgé;?éfggs844”’
use for that same purpose. Examples of additional markers 5081263, s0g0743c, cl9862__ 1, peol 14887, bulgl 327, 5085587,

that are linked to the disease resistance markers recited herein 65 11488 -4a, pco085208a, sog1295¢, sog5609b, s0g0912a, tel Tsclah,
are provided. For example, a linked marker can be determined 5i66060d11b, c110933__1d, c137019_1a, sogl 856ae, pcol17007L,
from the closely linked markers provided in Table 8.
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TABLE 8-continued

Linked Markers

cl40761__1a, siaf099388e, pcol137067a, sog2274m, c131185__3a,
pco098939a, pcol51039r, cl11825__1a, pcol22145b, ¢l24291_ 1la,
s1618065b03a, si707029g03a, sogl495a, IDP4006, umc1262a, umel26la,
sog57580

It is not intended, however, that linked markers finding use
with the invention be limited to those recited in Table 8.

The invention also provides chromosomal QTL intervals
that correlate with MRCV resistance. These intervals are
located on linkage group 2. Any marker located within these
intervals finds use as a marker for MRCV resistance. These
intervals include:

(1) MZA8381 and MZA18180;

(il)) MZA4305 and MZA2803;

(iii) MZA15490 and MZA2038;

(iv) bnlg1458b and umc1261a;

(v) bnlg1458b and umc1262a;

(vi) bnlg1327 and umc1261a; and

(viii) bnlg1327 and umc1262a.

Methods for identifying maize plants or germplasm that
carry preferred alleles of resistance marker loci are a feature
of the invention. In these methods, any of a variety of marker
detection protocols are used to identify marker loci, depend-
ing on the type of marker loci. Typical methods for marker
detection include amplification and detection of the resulting
amplified markers, e.g., by PCR, LCR, transcription based
amplification methods, or the like. These include ASH, SSR
detection, RFLP analysis and many others.

Although particular marker alleles can show co-segrega-
tion with a disease resistance or susceptibility phenotype, it is
important to note that the marker locus is not necessarily part
of the QTL locus responsible for the resistance or suscepti-
bility. For example, it is not a requirement that the marker
polynucleotide sequence be part of a gene that imparts dis-
ease resistance (for example, be part of the gene open reading
frame). The association between a specific marker allele with
the resistance or susceptibility phenotype is due to the origi-
nal “coupling” linkage phase between the marker allele and
the QTL resistance or susceptibility allele in the ancestral
maize line from which the resistance or susceptibility allele
originated. Eventually, with repeated recombination, cross-
ing over events between the marker and QTL locus can
change this orientation. For this reason, the favorable marker
allele may change depending on the linkage phase that exists
within the resistant parent used to create segregating popula-
tions. This does not change the fact that the genetic marker
can be used to monitor segregation of the phenotype. It only
changes which marker allele is considered favorable in a
given segregating population.

Identification of maize plants or germplasm that include a
marker locus or marker loci linked to a resistance trait or traits
provides a basis for performing marker assisted selection of
maize. Maize plants that comprise favorable markers or
favorable alleles are selected for, while maize plants that
comprise markers or alleles that are negatively correlated
with resistance can be selected against. Desired markers and/
or alleles can be introgressed into maize having a desired
(e.g., elite or exotic) genetic background to produce an intro-
gressed resistant maize plant or germplasm. In some aspects,
it is contemplated that a plurality of resistance markers are
sequentially or simultaneous selected and/or introgressed.
The combinations of resistance markers that are selected for
in a single plant is not limited, and can include any combina-
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tion of markers recited in Tables 1 and 2, any markers linked
to the markers recited in Tables 1 and 2, or any markers
located within the QTL intervals defined herein.

As an alternative to standard breeding methods of intro-
ducing traits of interest into maize (e.g., introgression), trans-
genic approaches can also be used. In these methods, exog-
enous nucleic acids that encode traits linked to markers are
introduced into target plants or germplasm. For example, a
nucleic acid that codes for a resistance trait is cloned, e.g., via
positional cloning and introduced into a target plant or germ-
plasm.

Verification of resistance can be performed by available
resistance protocols (see, e.g., Example 10). Resistance
assays are useful to verify that the resistance trait still segre-
gates with the marker in any particular plant or population,
and, of course, to measure the degree of resistance improve-
ment achieved by introgressing or recombinantly introducing
the trait into a desired background.

Systems, including automated systems for selecting plants
that comprise a marker of interest and/or for correlating pres-
ence of the marker with resistance are also a feature of the
invention. These systems can include probes relevant to
marker locus detection, detectors for detecting labels on the
probes, appropriate fluid handling elements and temperature
controllers that mix probes and templates and/or amplify
templates, and systems instructions that correlate label detec-
tion to the presence of a particular marker locus or allele.

Kits are also a feature of the invention. For example, a kit
can include appropriate primers or probes for detecting resis-
tance-associated marker loci and instructions in using the
primers or probes for detecting the marker loci and correlat-
ing the loci with predicted MRCV resistance. The kits can
further include packaging materials for packaging the probes,
primers or instructions, controls such as control amplification
reactions that include probes, primers or template nucleic
acids for amplifications, molecular size markers, or the like.
Resistance Markers and Favorable Alleles

In traditional linkage analysis, no direct knowledge of the
physical relationship of genes on a chromosome is required.
Mendel’s first law is that factors of pairs of characters are
segregated, meaning that alleles of a diploid trait separate into
two gametes and then into different offspring. Classical link-
age analysis can be thought of as a statistical description of
the relative frequencies of cosegregation of different traits.
Linkage analysis is the well characterized descriptive frame-
work of how traits are grouped together based upon the fre-
quency with which they segregate together. That is, if two
non-allelic traits are inherited together with a greater than
random frequency, they are said to be “linked”. The frequency
with which the traits are inherited together is the primary
measure of how tightly the traits are linked, i.e., traits which
are inherited together with a higher frequency are more
closely linked than traits which are inherited together with
lower (but still above random) frequency. Traits are linked
because the genes which underlie the traits reside on the same
chromosome. The further apart on a chromosome the genes
reside, the less likely they are to segregate together, because
homologous chromosomes recombine during meiosis. Thus,
the further apart on a chromosome the genes reside, the more
likely it is that there will be a crossing over event during
meiosis that will result in two genes segregating separately
into progeny.

A common measure of linkage is the frequency with which
traits cosegregate. This can be expressed as a percentage of
cosegregation (recombination frequency) or, also commonly,
in centiMorgans (cM). The cM is named after the pioneering
geneticist Thomas Hunt Morgan and is a unit of measure of
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genetic recombination frequency. One cM is equal to a 1%
chance that a trait at one genetic locus will be separated from
a trait at another locus due to crossing over in a single gen-
eration (meaning the traits segregate together 99% of the
time). Because chromosomal distance is approximately pro-
portional to the frequency of crossing over events between
traits, there is an approximate physical distance that corre-
lates with recombination frequency. For example, in maize, 1
cM correlates, on average, to about 2,140,000 base pairs (2.14
Mbp).

Marker loci are themselves traits and can be assessed
according to standard linkage analysis by tracking the marker
loci during segregation. Thus, in the context of the present
invention, one cM is equal to a 1% chance that a marker locus
will be separated from another locus (which can be any other
trait, e.g., another marker locus, or another trait locus that
encodes a QTL), due to crossing over in a single generation.
The markers herein, as described in Tables 1 and 2, e.g.,
MZA625,MZA16656, MZA15451, MZA15490, MZA2038,
MZA11826, and MZA9105, as well as any of the chromo-
some intervals

(1) MZA8381 and MZA18180;

(il)) MZA4305 and MZA2803;

(iii) MZA15490 and MZA2038;

(iv) bnlg1458b and umc1261a;

(v) bnlg1458b and umc1262a;

(vi) bnlg1327 and umc1261a; and

(viii) bnlg1327 and umc1262a;
have been found to correlate with newly conferred resistance,
enhanced resistance, or susceptibility to MRCV in maize.
This means that the markers are sufficiently proximal to a
resistance trait that they can be used as a predictor for the
resistance trait. This is extremely useful in the context of
marker assisted selection (MAS), discussed in more detail
herein. In brief, maize plants or germplasm can be selected for
markers or marker alleles that positively correlate with resis-
tance, without actually raising maize and measuring for
newly conferred resistance or enhanced resistance (or, con-
trarily, maize plants can be selected against if they possess
markers that negatively correlate with newly conferred resis-
tance or enhanced resistance). MAS is a powerful shortcut to
selecting for desired phenotypes and for introgressing desired
traits into cultivars of maize (e.g., introgressing desired traits
into elite lines). MAS is easily adapted to high throughput
molecular analysis methods that can quickly screen large
numbers of plant or germplasm genetic material for the mark-
ers of interest and is much more cost effective than raising and
observing plants for visible traits.

Insome embodiments, the most preferred QTL markers are
a subset of the markers provided in Tables 1 and 2. For
example, the most preferred markers are MZA15490 and
MZA2038.

When referring to the relationship between two genetic
elements, such as a genetic element contributing to resistance
and a proximal marker, “coupling” phase linkage indicates
the state where the “favorable” allele at the resistance locus is
physically associated on the same chromosome strand as the
“favorable” allele of the respective linked marker locus. In
coupling phase, both favorable alleles are inherited together
by progeny that inherit that chromosome strand. In “repul-
sion” phase linkage, the “favorable” allele at the locus of
interest (e.g., a QTL for resistance) is physically linked with
an “unfavorable” allele at the proximal marker locus, and the
two “favorable” alleles are not inherited together (i.e., the two
loci are “out of phase” with each other).

A favorable allele of a marker is that allele of the marker
that co-segregates with a desired phenotype (e.g., discase
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resistance). As used herein, a QTL marker has a minimum of
one favorable allele, although it is possible that the marker
might have two or more favorable alleles found in the popu-
lation. Any favorable allele of that marker can be used advan-
tageously for the identification and construction of resistant
maize lines. Optionally, one, two, three or more favorable
allele(s) of different markers are identified in, or introgressed
into a plant, and can be selected for or against during MAS.
Desirably, plants or germplasm are identified that have at least
one such favorable allele that positively correlates with newly
conferred or enhanced resistance.

Alternatively, a marker allele that co-segregates with dis-
ease susceptibility also finds use with the invention, since that
allele can be used to identify and counter select disease-
susceptible plants. Such an allele can be used for exclusionary
purposes during breeding to identify alleles that negatively
correlate with resistance, to eliminate susceptible plants or
germplasm from subsequent rounds of breeding.

In some embodiments of the invention, a plurality of
marker alleles are simultaneously selected for in a single plant
ora population of plants. In these methods, plants are selected
that contain favorable alleles from more than one resistance
marker, or alternatively, favorable alleles from more than one
resistance marker are introgressed into a desired maize ger-
mplasm. One of skill in the art recognizes that the simulta-
neous selection of favorable alleles from more than one dis-
ease resistance marker in the same plant is likely to resultin an
additive (or even synergistic) protective effect for the plant.

One of skill recognizes that the identification of favorable
marker alleles is germplasm-specific. The determination of
which marker alleles correlate with resistance (or suscepti-
bility) is determined for the particular germplasm under
study. One of skill recognizes that methods for identifying the
favorable alleles are routine and well known in the art, and
furthermore, that the identification and use of such favorable
alleles is well within the scope of the invention. Furthermore
still, identification of favorable marker alleles in maize popu-
lations other than the populations used or described herein is
well within the scope of the invention.

Amplification primers for amplifying SSR-type marker
loci are a feature of the invention. Another feature of the
invention is primers specific for the amplification of SNP
domains (SNP markers), and the probes that are used to
genotype the SNP sequences. Tables 6 and 7 provide specific
primers for marker locus amplification and probes for detect-
ing amplified marker loci. However, one of skill will imme-
diately recognize that other sequences to either side of the
given primers can be used in place of the given primers, so
long as the primers can amplify a region that includes the
allele to be detected. Further, it will be appreciated that the
precise probeto be used for detection can vary, e.g., any probe
that can identity the region of a marker amplicon to be
detected can be substituted for those examples provided
herein. Further, the configuration of the amplification primers
and detection probes can, of course, vary. Thus, the invention
is not limited to the primers and probes specifically recited
herein.

In some aspects, methods of the invention utilize an ampli-
fication step to detect/genotype a marker locus. However, it
will be appreciated that amplification is not a requirement for
marker detection—for example, one can directly detect
unamplified genomic DNA simply by performing a Southern
bloton a sample of genomic DNA. Procedures for performing
Southern blotting, amplification (PCR, LCR, or the like) and
many other nucleic acid detection methods are well estab-
lished and are taught, e.g., in Sambrook et al., Molecular
Cloning—A Laboratory Manual (3" Ed.), Vol. 1-3, Cold
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Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 2000
(“Sambrook™); Current Protocols in Molecular Biology, F.
M. Ausubel et al., eds., Current Protocols, a joint venture
between Greene Publishing Associates, Inc. and John Wiley
& Sons, Inc., (supplemented through 2002) (“Ausubel”) and
PCR Protocols A Guide to Methods and Applications (Innis et
al. eds) Academic Press Inc. San Diego, Calif. (1990) (“In-
nis”). Additional details regarding detection of nucleic acids
in plants can also be found, e.g., in Plant Molecular Biology
(1993) Croy (ed.) BIOS Scientific Publishers, Inc. (“Croy™).

Separate detection probes can also be omitted in amplifi-
cation/detection methods, e.g., by performing a real time
amplification reaction that detects product formation by
modification of the relevant amplification primer upon incor-
poration into a product, incorporation of labeled nucleotides
into an amplicon, or by monitoring changes in molecular
rotation properties of amplicons as compared to unamplified
precursors (e.g., by fluorescence polarization).

Typically, molecular markers are detected by any estab-
lished method available in the art, including, without limita-
tion, allele specific hybridization (ASH) or other methods for
detecting single nucleotide polymorphisms (SNP), amplified
fragment length polymorphism (AFLP) detection, amplified
variable sequence detection, randomly amplified polymor-
phic DNA (RAPD) detection, restriction fragment length
polymorphism (RFLP) detection, self-sustained sequence
replication detection, simple sequence repeat (SSR) detec-
tion, single-strand conformation polymorphisms (SSCP)
detection, isozyme markers detection, or the like. While the
exemplary markers provided in the figures and tables herein
are either SSR or SNP (ASH) markers, any of the aforemen-
tioned marker types can be employed in the context of the
invention to identify chromosome segments encompassing
genetic element that contribute to superior agronomic perfor-
mance (e.g., newly conferred resistance or enhanced resis-
tance).

QTL Chromosome Intervals

In some aspects, the invention provides QTL chromosome
intervals, where a QTL (or multiple QTL) that segregate with
MRCYV resistance are contained in those intervals. A variety
of methods well known in the art are available for identifying
chromosome intervals (also as described in detail in
Examples 1 and 2). The boundaries of such chromosome
intervals are drawn to encompass markers that will be linked
to one or more QTL. In other words, the chromosome interval
is drawn such that any marker that lies within that interval
(including the terminal markers that define the boundaries of
the interval) can be used as markers for disease resistance.
Each interval comprises at least one QTL, and furthermore,
may indeed comprise more than one QTL. Close proximity of
multiple QTL in the same interval may obfuscate the corre-
lation of a particular marker with a particular QTL, as one
marker may demonstrate linkage to more than one QTL.
Conversely, e.g., if two markers in close proximity show
co-segregation with the desired phenotypic trait, it is some-
times unclear if each of those markers identify the same QTL
or two different QTL. Regardless, knowledge of how many
QTL are in a particular interval is not necessary to make or
practice the invention.

The present invention provides maize chromosome inter-
vals, where the markers within that interval demonstrate co-
segregation with resistance to MRCV. Thus, each of these
intervals comprises at least one MRCV resistance QTL as
shown in Table 9.

10

15

20

25

30

35

40

45

55

60

65

34
TABLE 9

Method(s) of

Flanking Markers Identification

MZARg381 and Association
MZA1810 analysis, identity
by descent
MZA4305 and Association
MZA2803 analysis, identity
by descent
MZA15490 and Association
MZA2038 analysis, identity
by descent
bnlgl458b and Linkageto a
umcl26la preferred marker
bnlgl458b and Linkageto a
umel262a preferred marker
bnlgl327 and Linkageto a
umcl26la preferred marker
bnlgl327 and Linkageto a
umel262a preferred marker

Each of the intervals described above shows a clustering of
markers that co-segregate with MRCV resistance. This clus-
tering of markers occurs in relatively small domains on the
linkage groups, indicating the presence of one or more QTL
in those chromosome regions. QTL intervals were drawn to
encompass the markers that co-segregate with resistance. The
intervals are defined by the markers on their termini, where
the interval encompasses all the markers that map within the
interval as well as the markers that define the termini.

In some cases, an interval can be drawn where the interval
is defined by linkage to a preferred marker. For example, an
interval on chromosome 2 is defined where any marker that is
linked to the marker MZA16656 is a member of that interval.
For example, as used here, linkage is defined as any marker
that is within 25 ¢cM from MZA16656. This interval on chro-
mosome 2 is further illustrated in Table 8. The markers that
are linked to MZA16656 (e.g., within S cM of MZA16656) as
determined by any suitable genetic linkage map (for example,
the IBM2 2005 Neighbors Frame 2 map found on the
MaizeGDB website). These markers are shown in genetic
order. Each of the markers listed, including the terminal
markers pco061820a and sog57580, are members of the inter-
val. The pco061820a and sog57580 markers are known in the
art.

As described above, an interval (e.g., a chromosome inter-
val or a QTL interval) need not depend on an absolute mea-
sure of interval size such as a centimorgans value. An interval
can be described by the terminal markers that define the
endpoints of the interval, and typically the interval will
include the terminal markers that define the extent of the
interval. An interval can include any marker localizing within
that chromosome domain, whether those markers are cur-
rently known or unknown. The invention provides a variety of
means for defining a chromosome interval, for example, in
the lists of linked markers of Table 8, and in references cited
herein.

Linked Markers

From the present disclosure and widely recognized in the
art, it is clear that any genetic marker that has a significant
probability of co-segregation with a phenotypic trait of inter-
est (e.g., in the present case, a newly conferred resistance or
enhanced resistance trait) can be used as a marker for that
trait. A list of useful QTL markers provided by the present
invention is provided in Tables 1 and 2.

In addition to the QTL markers noted in Tables 1 and 2,
additional markers linked to (showing linkage disequilibrium
with) the QTL markers can also be used to predict the newly



US 9,315,872 B2

35

conferred resistance or enhanced resistance trait in a maize
plant. In other words, any other marker showing less than
50% recombination frequency (separated by a genetic dis-
tance less than 50 ¢cM) with a QTL marker of the invention

(e.g., the markers provided in Tables 1 and 2) is also a feature 5

of the invention. Any marker that is linked to a QTL marker
can also be used advantageously in marker-assisted selection
for the particular trait.

Genetic markers that are linked to QTL markers (e.g., QTL

markers provided in Tables 1 and 2) are particularly useful 10

when they are sufficiently proximal (e.g., closely linked) to a
given QTL marker so that the genetic marker and the QTL
marker display a low recombination frequency. In the present
invention, such closely linked markers are a feature of the

invention. As defined herein, closely linked markers display a 15

recombination frequency of about 10% or less (the given
marker is within 10 ¢cM of the QTL). Put another way, these
closely linked loci co-segregate at least 90% of the time.
Indeed, the closer a marker is to a QTL marker, the more

effective and advantageous that marker becomes as an indi- 20

cator for the desired trait.

Thus, in other embodiments, closely linked loci such as a
QTL marker locus and a second locus display an inter-locus
cross-over frequency of about 10% or less, preferably about

9% or less, still more preferably about 8% or less, yet more 25

preferably about 7% or less, still more preferably about 6% or
less, yet more preferably about 5% or less, still more prefer-
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ably about 4% or less, yet more preferably about 3% or less,
and still more preferably about 2% or less. In highly preferred
embodiments, the relevant loci (e.g., a marker locus and a
target locus such as a QTL) display a recombination a fre-
quency of about 1% or less, e.g., about 0.75% or less, more
preferably about 0.5% or less, or yet more preferably about
0.25% or less. Thus, the loci are about 10 cM, 9 ¢cM, 8 cM, 7
cM,6cM,5cM,4cM,3cM,2cM, 1¢cM, 0.75cM, 0.5 cM or
0.25 cM or less apart. Put another way, two loci that are
localized to the same chromosome, and at such a distance that
recombination between the two loci occurs at a frequency of
less than 10% (e.g., about 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
1%, 0.75%, 0.5%, 0.25%, or less) are said to be “proximal to”
each other.

In some aspects, linked markers (including closely linked
markers) of the invention are determined by review of a
genetic map, for example, the integrated genetic maps found
on the MaizeGDB website. For example, it is shown herein
that the linkage group 2 markers MZA625, MZA16656,
MZA15451, MZA15490, MZA2038, MZA11826, and
MZA9105 correlate with at least one MRCV resistance QTL.
Markers that are linked to MZAG625, MZA16656,
MZA15451, MZA15490, MZA2038, MZA11826, and
MZA9105 can be determined from the list provided in Table
8 (see also Table 11, which shows Rice Locus and Working
Maize Gene ID of genetic markers between MZA625 and
MZA9105).

TABLE 11

ucT
PCO
PHD Vs.
PHD Map Myriad
Chr  Pos Amplicons

Locus
Order

Annotation

Rice Locus Working Maize Gene ID Summary

2 64.05 MZAG625 Loc_029

Loc_028

Loc_ 027

Loc_025

Loc_024

Loc_023

Loc_022

Loc_ 021

Loc_016

Loc_015

LOC_0s04g51320 AC191302_ Spart Transcription
Factor
Putrescine-
binding
protein;
Hypothetical
protein
Putative
L-
ascorbate
peroxidase
Plastid
development
protein;
DAG
Hypothetical
protein;
Vacuolar
ATP
synthase
subunit?
Hypothetical
protein
Hypothetical
protein
Hypothetical
protein
Growth
regulating
factor
Genomic_ PCO622600_PCO666161 G

protein-

coupled

receptor

89C

(Homo

sapiens)

LOC_0s04g51310 AC191302_3

LOC_0s04g51300  pco600856

LOC_0s04g51280 pco530474

LOC_0s04g51270  pco593067

LOC_0s04g51260 AC191302_6

LOC_0s04g51250 Inferred by rice and
sorghum
LOC_0s04g51240  pco641713

LOC_0s04g51190  pco591841

LOC_0s04g51180
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TABLE 11-continued

uct
PCO
PHD Vs.
PHD Map Myriad Locus Annotation
Chr  Pos Amplicons  Order Rice Locus Working Maize Gene ID Summary
2 65.99 MZA166656 Loc_014 LOC_0Os04g51172 pco638426 Major
intrinsic
protein;
NIP;
BREVIS
RADIX
like 1
Loc_013 LOC_Os04g51166 pco514627 Hypothetical
protein
2 65.30 MZA15451 Loc_012 LOC_0s04g51160 pco588936 Alternative
LOC_0s04g51150 oxidase
AOX3
Loc_010 LOC_Os04g51140 Inferred by rice and Hypothetical
sorghum protein
Loc_009 LOC_0Os04g51130 pco644442 Myb-like;
2.
component
response
regulator
2 65.99 MZA2038 Loc_008 LOC_0s04g51120 pco641455 Clathrin
interactor;
Epsin;
Hypothetical
protein
Loc_007 LOC_0s04g51110 pco640541 CDC20
WD-
repeat
protein
Loc_006 LOC_0Os04g51100 pco651091 Cobalamin
synthesis
protein
Loc_005 LOC_O0s04g51090 pco571541 Hypothetical
protein
Loc_004 LOC_Os04g51080 pco525409 Scramblase
Loc_003 LOC_0Os04g51070 pco553755 Hypothetical
protein
Loc_002 LOC_0Os04g51060 pco644099 Hypothetical
protein
2 65.44 MZAS105 Loc_001 LOC_0s04g51050 pco588179 Receptor
protein
kinase
For example, markers on linkage group 2 that are linked to TABLE 12-continued
MZA625, MZA16656, MZA15451, MZA15490, MZA2038,
MZA11826, and MZA9105 include those listed in Table 12. 45 Map
Marker Position
TABLE 12 pcol25905 148.09
50g0690 148.09
Map cl36282_1b 148.09
Marker Position pcol18508 148.09
50 gpmo636 148.09
peo061820a 148.07 pco066747a 148.09
pcoll6928a 148.07 pco083425q 148.09
50g0930a 148.07 sog5844av 148.09
pcol02443 148.07 bnlg1458b 148.09
pcol33385a 148.07 51606065e12a 148.09
sog5467ac 148.07 35 ¢l22018_1 148.09
cl7211_11 148.08 pco091058 148.09
K4-14p 148.08 §1946053g10 148.10
p.c0135612a 148.08 5081265 148.10
s%687005h090 148.08 s0g0743¢ 148.10
51707023g07¢ 148.08
cl15901_la 148.08 clo8e2_L 148.10
p00134967 148.08 60 pcol14887 148.10
§i660032f12i 148.08 bnlgl 327 148.10
cl7048_1b 148.08 s0g5587a 148.10
cl2578 1 148.09 cl1488_-4a 148.11
cl5312 1a 148.09 pco085208a 148.11
pco094715 148.09 sog1295¢ 148.11
50g5829a 148.09 65 50g5609b 148.11

cl30__le 148.09 sog0912a 148.11



US 9,315,872 B2

39
TABLE 12-continued
Map
Marker Position
tel7sclah 148.11
51660060d11b 148.11
cl10933__1d 148.11
cl37019_1a 148.11
sogl856ae 148.11
pcol170071 148.11
cl40761_1a 148.11
s1af099388e 148.11
pcol37067a 148.11
50g2274m 148.11
cl31185_3a 148.11
pco098939a 148.11
pcol50139r 148.11
cl11825_1a 148.11
pcol122145b 148.11
cl24291_1a 148.11
51618065g03a 148.11
5i707029g03a 148.11
sogl495a 148.75
umcl262a 153.10
umcl26la 154.60
sog57580 154.71

Similarly, linked markers (including closely linked mark-
ers) of the invention can be determined by review of any
suitable maize genetic map. For example, integrated genetic
maps can be found on the MaizeGDB website resource.

It is not intended that the determination of linked or closely
linked markers be limited to the use of any particular maize
genetic map. Indeed, a large number of maize genetic maps is
available and are well known to one of skill in the art. Alter-
natively, the determination of linked and closely linked mark-
ers can be made by the generation of an experimental dataset
and linkage analysis.

Itis also not intended that the identification of markers that
are linked (e.g., within about 50 ¢cM or within about 10 cM) to
the MRCYV resistance QTL markers identified herein be lim-
ited to any particular map or methodology. The integrated
genetic maps provided on the MaizeGDB website serve only
as example for identifying linked markers. Indeed, linked
markers as defined herein can be determined from any genetic
map known in the art (an experimental map or an integrated
map), or alternatively, can be determined from any new map-
ping dataset.

It is noted that lists of linked and closely linked markers
may vary between maps and methodologies due to various
factors. First, the markers that are placed on any two maps
may not be identical, and furthermore, some maps may have
a greater marker density than another map. Also, the mapping
populations, methodologies and algorithms used to construct
genetic maps can differ. One of skill in the art recognizes that
one genetic map is not necessarily more or less accurate than
another, and furthermore, recognizes that any maize genetic
map can be used to determine markers that are linked and
closely linked to the QTL markers of the present invention.
Marker Assisted Selection and Breeding of Plants

A primary motivation for development of molecular mark-
ers in crop species is the potential for increased efficiency in
plant breeding through marker assisted selection (MAS).
Genetic markers are used to identify plants that contain a
desired genotype at one or more loci, and that are expected to
transfer the desired genotype, along with a desired pheno-
type, to their progeny. Genetic markers can be used to identify
plants that contain a desired genotype at one locus, or at
several unlinked or linked loci (e.g., a haplotype), and that
would be expected to transfer the desired genotype, along
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with a desired phenotype to their progeny. The present inven-
tion provides the means to identify plants, particularly maize
plants, that have newly conferred resistance or enhanced
resistance to, or are susceptible to, MRCV by identifying
plants having a specified allele at one of those loci, e.g.,
MZA625,MZA16656, MZA15451, MZA15490, MZA2038,
MZA11826, or MZA9105. In one embodiment, identified
resistant plants have the haplotype: C at MRQV_08351-173,
A at MRQV_08351-262, G at MRQV_08351-280, G at
MRQV_08351-323, C at MRQV_08351-369, C at
MRQV_08351-372.

Similarly, by identifying plants lacking the desired marker
locus, susceptible or less resistant plants can be identified
and, e.g., eliminated from subsequent crosses. Similarly,
these marker loci can be introgressed into any desired
genomic background, germplasm, plant, line, variety, etc., as
part of an overall MAS breeding program designed to
enhance maize yield. In one embodiment, identified suscep-
tible plants have the haplotype: T at MRQV_08351-173, T at
MRQV_08351-262, A at MRQV_08351-280, C at
MRQV_08351-323, T at MRQV_08351-369, T at
MRQV_08351-372.

The invention also provides chromosome QTL intervals
that find equal use in MAS to select plants that demonstrate
newly conferred or enhanced MRCV resistance. Similarly,
the QTL intervals can also be used to counter-select plants
that are susceptible or have reduced resistance MRCV. Any
marker that maps within the QTL interval (including the
termini of the intervals) finds use with the invention. These
intervals are defined by the following pairs of markers:

(1) MZA8381 and MZA18180;

(i1) MZA4305 and MZA2803;

(iii)) MZA15490 and MZA2038;

(iv) bnlg1458b and umc1261a;

(v) bnlg1458b and umc1262a;

(vi) bnlgl327 and umc1261a; and

(viii) bnlg1327 and umc1262a.

In general, MAS uses polymorphic markers that have been
identified as having a significant likelihood of co-segregation
with a resistance trait. Such markers are presumed to map
near a gene or genes that give the plant its resistance pheno-
type, and are considered indicators for the desired trait, and
are termed QTL markers. Plants are tested for the presence of
a desired allele in the QTL marker. The most preferred mark-
ers (or marker alleles) are those that have the strongest asso-
ciation with the resistance trait.

Linkage analysis is used to determine which polymorphic
marker allele demonstrates a statistical likelihood of co-seg-
regation with the resistance phenotype (thus, a “resistance
marker allele”). Following identification of a marker allele for
co-segregation with the resistance phenotype, it is possible to
use this marker for rapid, accurate screening of plant lines for
the resistance allele without the need to grow the plants
through their life cycle and await phenotypic evaluations, and
furthermore, permits genetic selection for the particular resis-
tance allele even when the molecular identity of the actual
resistance QTL is unknown. Tissue samples can be taken, for
example, from the first leaf of the plant and screened with the
appropriate molecular marker, and it is rapidly determined
which progeny will advance. Linked markers also remove the
impact of environmental factors that can often influence phe-
notypic expression.

A polymorphic QTL marker locus can be used to select
plants that contain the marker allele (or alleles) that correlate
with the desired resistance phenotype, typically called
marker-assisted selection (MAS). In brief, a nucleic acid cor-
responding to the marker nucleic acid allele is detected in a
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biological sample from a plant to be selected. This detection
can take the form of hybridization of a probe nucleic acid to
a marker allele or amplicon thereof, e.g., using allele-specific
hybridization, Southern analysis, northern analysis, in situ
hybridization, hybridization of primers followed by PCR
amplification of a region of the marker, or the like. A variety
of'procedures for detecting markers are described herein, e.g.,
in the section entitled “TECHNIQUES FOR MARKER
DETECTION”. After the presence (or absence) of a particu-
lar marker allele in the biological sample is verified, the plant
is selected (e.g., used to make progeny plants by selective
breeding).

Maize plant breeders desire combinations of resistance loci
with genes for high yield and other desirable traits to develop
improved maize varieties. Screening large numbers of
samples by non-molecular methods (e.g., trait evaluation in
maize plants) can be expensive, time consuming, and unreli-
able. Use of the polymorphic markers described herein, when
genetically-linked to resistance loci, provide an effective
method for selecting resistant varieties in breeding programs.
For example, one advantage of marker-assisted selection over
field evaluations for resistance is that MAS can be done at any
time of year, regardless of the growing season. Moreover,
environmental effects are largely irrelevant to marker-as-
sisted selection.

When a population is segregating for multiple loci affect-
ing one or multiple traits, e.g., multiple loci involved in resis-
tance, or multiple loci each involved in resistance to different
diseases, the efficiency of MAS compared to phenotypic
screening becomes even greater, because all the loci can be
evaluated in the lab together from a single sample of DNA. In
the present instance, the MZA625, MZA16656, MZA15451,
MZA15490, MZA2038, MZA11826, and MZA9105 mark-
ers, as well as any of the chromosome intervals

(1) MZA8381 and MZA18180;

(il)) MZA4305 and MZA2803;

(iii) MZA15490 and MZA2038;

(iv) bnlg1458b and umc1261a;

(v) bnlg1458b and umc1262a;

(vi) bnlg1327 and umc1261a; and

(viii) bnlg1327 and umc1262a;
can be assayed simultaneously or sequentially from a single
sample or a population of samples.

Another use of MAS in plant breeding is to assist the
recovery of the recurrent parent genotype by backcross breed-
ing. Backcross breeding is the process of crossing a progeny
back to one of its parents or parent lines. Backcrossing is
usually done for the purpose of introgressing one or a few loci
from a donor parent (e.g., a parent comprising desirable resis-
tance marker loci) into an otherwise desirable genetic back-
ground from the recurrent parent (e.g., an otherwise high
yielding maize line). The more cycles of backcrossing that are
done, the greater the genetic contribution of the recurrent
parent to the resulting introgressed variety. This is often nec-
essary, because resistant plants may be otherwise undesir-
able, e.g., due to low yield, low fecundity, or the like. In
contrast, strains which are the result of intensive breeding
programs may have excellent yield, fecundity or the like,
merely being deficient in one desired trait such as resistance
to MRCV.

The presence and/or absence of a particular genetic marker
or allele, eg., MZA625, MZA16656, MZA15451,
MZA15490, MZA2038, MZA11826, and MZA9105 mark-
ers, as well as any of the chromosome intervals

(1) MZA8381 and MZA18180;

(il)) MZA4305 and MZA2803;

(iii) MZA15490 and MZA2038;
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(iv) bnlg1458b and umc1261a;

(v) bnlg1458b and umc1262a;

(vi) bnlgl327 and umc1261a; and

(viii) bnlg1327 and umc1262a;
in the genome of a plant is made by any method noted herein.
If the nucleic acids from the plant are positive for a desired
genetic marker allele, the plant can be self fertilized to create
a true breeding line with the same genotype, or it can be
crossed with a plant with the same marker or with other
desired characteristics to create a sexually crossed hybrid
generation.

Introgression of Favorable Alleles—Efficient Backcrossing
of Resistance Markers into Elite Lines

One application of MAS, in the context of the present
invention is to use the newly conferred resistance or enhanced
resistance markers to increase the efficiency of an introgres-
sion or backcrossing effort aimed at introducing a resistance
QTL into a desired (typically high yielding) background. In
marker assisted backcrossing of specific markers (and asso-
ciated QTL) from a donor source, e.g., to an elite or exotic
genetic background, one selects among backcross progeny
for the donor trait and then uses repeated backcrossing to the
elite or exotic line to reconstitute as much of the elite/exotic
background’s genome as possible.

Thus, the markers and methods ofthe present invention can
be utilized to guide marker assisted selection or breeding of
maize varieties with the desired complement (set) of allelic
forms of chromosome segments associated with superior
agronomic performance (resistance, along with any other
available markers for yield, etc.). Any of the disclosed marker
alleles can be introduced into a maize line via introgression,
by traditional breeding (or introduced via transformation, or
both), to yield a maize plant with superior agronomic perfor-
mance. The number of alleles associated with resistance that
can be introduced or be present in a maize plant of the present
invention ranges from 1 to the number of alleles disclosed
herein, each integer of which is incorporated herein as if
explicitly recited.

The present invention also extends to a method of making
aprogeny maize plant and these progeny maize plants, per se.
The method comprises crossing a first parent maize plant with
a second maize plant and growing the female maize plant
under plant growth conditions to yield maize plant progeny.
Methods of crossing and growing maize plants are well
within the ability of those of ordinary skill in the art. Such
maize plant progeny can be assayed for alleles associated
with resistance and, thereby, the desired progeny selected.
Such progeny plants or seed can be sold commercially for
maize production, used for food, processed to obtain a desired
constituent of the maize, or further utilized in subsequent
rounds of breeding. At least one of the first or second maize
plants is a maize plant of the present invention in that it
comprises at least one of the allelic forms of the markers of the
present invention, such that the progeny are capable of inher-
iting the allele.

A method of' the present invention can be applied to at least
one related maize plant such as from progenitor or descendant
lines in the subject maize plant’s pedigree such that inherit-
ance of the desired resistance allele can be traced. The number
of'generations separating the maize plants being subject to the
methods of the present invention will generally be from 1 to
20, commonly 1 to 5, and typically 1, 2, or 3 generations of
separation, and quite often a direct descendant or parent of the
maize plant will be subject to the method (i.e., one generation
of separation).
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Introgression of Favorable Alleles—Incorporation of
“Exotic” Germplasm while Maintaining Breeding Progress

Genetic diversity is important for long term genetic gain in
any breeding program. With limited diversity, genetic gain
will eventually plateau when all the favorable alleles have
been fixed within the elite population. One objective is to
incorporate diversity into an elite pool without losing the
genetic gain that has already been made and with the mini-
mum possible investment. MAS provide an indication of
which genomic regions and which favorable alleles from the
original ancestors have been selected for and conserved over
time, facilitating efforts to incorporate favorable variation
from exotic germplasm sources (parents that are unrelated to
the elite gene pool) in the hopes of finding favorable alleles
that do not currently exist in the elite gene pool.

For example, the markers of the present invention can be
used for MAS in crosses involving elitexexotic maize lines by
subjecting the segregating progeny to MAS to maintain major
yield alleles, along with the resistance marker alleles herein.
Positional Cloning

The molecular marker loci and alleles of the present inven-
tion, e.g., MZA625, MZA16656, MZA15451, MZA15490,
MZA2038, MZA11826, and MZA9105 markers, as well as
any of the chromosome intervals

(1) MZA8381 and MZA18180;

(il)) MZA4305 and MZA2803;

(iii) MZA15490 and MZA2038;

(iv) bnlg1458b and umc1261a;

(v) bnlg1458b and umc1262a;

(vi) bnlg1327 and umc1261a; and

(viii) bnlg1327 and umc1262a;
can be used, as indicated previously, to identify a resistance
QTL, which can be cloned by well established procedures,
e.g., as described in detail in Ausubel, Berger and Sambrook,
herein.

These resistance clones are first identified by their genetic
linkage to markers of the present invention. Isolation of a
nucleic acid of interest is achieved by any number of methods
as discussed in detail in such references as Ausubel, Berger
and Sambrook, herein, and Clark, Ed. (1997) Plant Molecu-
lar Biology: A Laboratory Manual Springer-Verlag, Berlin.

For example, “positional gene cloning” uses the proximity
of a resistance marker to physically define an isolated chro-
mosomal fragment containing a resistance QTL gene. The
isolated chromosomal fragment can be produced by such well
known methods as digesting chromosomal DNA with one or
more restriction enzymes, or by amplifying a chromosomal
region in a polymerase chain reaction (PCR), or any suitable
alternative amplification reaction. The digested or amplified
fragment is typically ligated into a vector suitable for repli-
cationand, e.g., expression, of the inserted fragment. Markers
that are adjacent to an open reading frame (ORF) associated
with a phenotypic trait can hybridize to a DNA clone (e.g., a
clone from a genomic DNA library), thereby identifying a
clone on which an ORF (or a fragment of an ORF) is located.
Ifthe marker is more distant, a fragment containing the ORF
is identified by successive rounds of screening and isolation
of clones which together comprise a contiguous sequence of
DNA, a process termed “chromosome walking”, resulting in
a “contig” or “contig map”. Protocols sufficient to guide one
of'skill through the isolation of clones associated with linked
markers are found in, e.g., Berger, Sambrook and Ausubel, all
herein.

Generation of Transgenic Cells and Plants

The present invention also relates to host cells and organ-
isms which are transformed with nucleic acids corresponding
to resistance QTL identified according to the invention. For
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example, such nucleic acids include chromosome intervals
(e.g., genomic fragments), ORFs and/or cDNAs thatencode a
newly conferred resistance or enhanced resistance trait. Addi-
tionally, the invention provides for the production of polypep-
tides that provide newly conferred resistance or enhanced
resistance by recombinant techniques.

General texts which describe molecular biological tech-
niques for the cloning and manipulation of nucleic acids and
production of encoded polypeptides include Berger, Sam-
brook, and Ausubel supra. These texts describe mutagenesis,
the use of vectors, promoters and many other relevant topics
related to, e.g., the generation of clones that comprise nucleic
acids of interest, e.g., marker loci, marker probes, QTL that
segregate with marker loci, etc.

Methods for MRCV Resistant Maize Plants

Experienced plant breeders can recognize resistant maize
plants in the field and can select the resistant individuals or
populations for breeding purposes or for propagation. In this
context, the plant breeder recognizes “resistant” and “non-
resistant”, or “susceptible”, maize plants.

Such plant breeding practitioners will appreciate that plant
resistance is a phenotypic spectrum consisting of extremes in
resistance, susceptibility and a continuum of intermediate
resistance phenotypes. Resistance also varies due to environ-
mental effects and the severity of pathogen infection. Evalu-
ation of phenotypes using reproducible assays and resistance
scoring methods are of value to scientists who seek to identify
genetic loci that impart resistance, conduct marker assisted
selection for resistant populations, and for introgression tech-
niques to breed a resistance trait into an elite maize line, for
example.

In contrast to fortuitous field observations that classify
plants as either “resistant” or “susceptible”, various systems
are known for scoring the degree of plant resistance or sus-
ceptibility. These techniques can be applied to different fields
at different times, and provide approximate resistance scores
that can be used to characterize a given strain regardless of
growth conditions or location.

EXAMPLES

The following examples are offered to illustrate, but not to
limit, the claimed invention. It is understood that the
examples and embodiments described herein are for illustra-
tive purposes only, and persons skilled in the art will recog-
nize various reagents or parameters that can be altered with-
out departing from the spirit of the invention or the scope of
the appended claims.

The present study was completed by two different associa-
tion analysis approaches: 1) Population-based Structured
association analysis and 2) Pedigree-based association analy-
sis. By identifying such genetic markers, marker assisted
selection (MAS) can be used to improve the efficiency of
breeding for improved resistance of maize to MRCV infec-
tion. Association mapping is known in the art, and is
described in various sources, e.g., Jorde (2000) Genome Res.
10:1435-1444; Remington et al. (2001) “Structure of linkage
disequilibrium and phenotype associations in the maize
genome,” Proc Natl Acad Sci USA 98:11479-11484; Weiss
and Clark (2002) Trends Genet. 18:19-24; and Shu et al.
(2003) “Detection Power of Random, Case-Control, and
Case-Parent Control Designs for Association Tests and
Genetic Mapping of Complex Traits,” Proceedings of 15th
Annual KSU Conference on Applied Statistics in Agriculture
15:191-204.
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Example 1

Association Mapping Analysis

An association mapping strategy was undertaken to iden-
tify maize genetic markers associated with resistance to
MRCYV infection, which is the causative agent of “Mal de Rio
Cuarto”.

Association Mapping

Understanding the extent and patterns of linkage disequi-
librium (LD) in the genome is a prerequisite for developing
efficient association approaches to identify and map quanti-
tative trait loci (QTL). Linkage disequilibrium (LD) refers to
the non-random association of alleles in a collection of indi-
viduals. When LD is observed among alleles at linked loci, it
is measured as LD decay across a specific region of a chro-
mosome. The extent of the LD is a reflection of the recombi-
national history of that region. The average rate of LD decay
in a genome can help predict the number and density of
markers that are required to undertake a genome-wide asso-
ciation study and provides an estimate of the resolution that
can be expected.

Association or LD mapping aims to identify significant
genotype-phenotype associations. It has been exploited as a
powerful tool for fine mapping in outcrossing species such as
humans (Corder et al. (1994) “Protective effect of apolipo-
protein-E type-2 allele for late-onset Alzheimer-disease,” Nat
Genet 7:180-184; Hastbacka et al. (1992) “Linkage disequi-
librium mapping in isolated founder populations: diastrophic
dysplasia in Finland,” Nat Genet 2:204-211; Kerem et al.
(1989) “Identification of the cystic fibrosis gene: genetic
analysis,” Science 245:1073-1080) and maize (Remington et
al., (2001) “Structure of linkage disequilibrium and pheno-
type associations in the maize genome,” Proc Natl Acad Sci
USA 98:11479-11484; Thornsberry et al. (2001) “Dwarf8
polymorphisms associate with variation in flowering time,”
Nat Genet 28:286-289; reviewed by Flint-Garcia et al. (2003)
“Structure of linkage disequilibrium in plants,” Annu Rev
Plant Biol. 54:357-374), where recombination among het-
erozygotes is frequent and results in a rapid decay of LD. In
inbreeding species where recombination among homozygous
genotypes is not genetically detectable, the extent of LD is
greater (i.e., larger blocks of linked markers are inherited
together) and this dramatically enhances the detection power
of association mapping (Wall and Pritchard (2003) “Haplo-
type blocks and linkage disequilibrium in the human
genome,” Nat Rev Genet 4:587-597).

The recombinational and mutational history of a popula-
tion is a function of the mating habit as well as the effective
size and age of a population. Large population sizes offer
enhanced possibilities for detecting recombination, while
older populations are generally associated with higher levels
of polymorphism, both of which contribute to observably
accelerated rates of LD decay. On the other hand, smaller
effective population sizes, e.g., those that have experienced a
recent genetic bottleneck, tend to show a slower rate of LD
decay, resulting in more extensive haplotype conservation
(Flint-Garcia et al. (2003) “Structure of linkage disequilib-
rium in plants,” Annu Rev Plant Biol. 54:357-374).

Elite breeding lines provide a valuable starting point for
association analyses. Association analyses use quantitative
phenotypic scores (e.g., disease tolerance rated from one to
nine for each maize line) in the analysis (as opposed to look-
ing only at tolerant versus resistant allele frequency distribu-
tions in intergroup allele distribution types of analysis). The
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availability of detailed phenotypic performance data col-
lected by breeding programs over multiple years and environ-
ments for a large number of elite lines provides a valuable
dataset for genetic marker association mapping analyses.
This paves the way for a seamless integration between
research and application and takes advantage of historically
accumulated data sets. However, an understanding of the
relationship between polymorphism and recombination is
useful in developing appropriate strategies for efficiently
extracting maximum information from these resources.

This type of association analysis neither generates nor
requires any map data, but rather is independent of map
position. This analysis compares the plants’ phenotypic score
with the genotypes at the various loci. Subsequently, any
suitable maize map (for example, a composite map) can
optionally be used to help observe distribution of the identi-
fied QTL markers and/or QTL marker clustering using pre-
viously determined map locations of the markers.

Maize Lines and Phenotypic Scoring

Maize lines were phenotypically scored based on their
degree of resistance to MRCV infection (in contrast to simple
categorization of “tolerant” or “susceptible”). The plant vari-
eties used in the analysis were from diverse sources, including
elite germplasm, commercially released cultivars and other
public varieties. The collections comprised 475 maize lines.
The lines used in the study had a broad maturity range varying
from CRM (comparative relative maturity) 90 to CRM 140,
representing the main inbreds of Pioneer germplasm.

The degree of plant resistance to MRCV infection varied
widely, as measured using a scale from one (highly suscep-
tible) to nine (highly resistant). Generally, a score of two (2)
indicated the most susceptible strains, a score of four (4) was
assigned as the threshold to consider a plant susceptible or
resistant (less than 4, susceptible; 4 or higher is resistant) and
ascore of seven (5-7) was assigned to the most resistant lines.
Resistance scores of eight (8) and nine (9) were reserved for
resistance levels that are very rare and generally not observed
in existing germplasm. If no disease was present in a field, no
resistance scoring was done. However, if a disease did occur
in a specific field location, all of the lines in that location were
scored. Scores for test strains accumulated over multiple
locations and multiple years, and an averaged (e.g., consen-
sus) score was ultimately assigned to each line.

Resistance scores for the 475 inbred collection were col-
lected over several growing seasons (394 inbreds were evalu-
ated at the same time in the growing season). Data collection
was typically done in one scoring after flowering time.

In assessing the linkage of markers to tolerance, a quanti-
tative approach was used, where a resistance score for each
maize line was assessed and incorporated into the association
mapping statistical analysis.

Maize Genotyping

A collection of 475 maize lines was analyzed by DNA
sequencing at 4000-10000 genes (genetic loci). SNP varia-
tion was used to generate specific haplotypes across inbreds at
each loci. This data was used for identifying associations
between alleles and MRCYV resistance at genome level.

Statistical Methods

A structure-based association analysis is conducted using
standard association mapping methods where the population
structure is controlled by using marker data. The model-based
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cluster analysis software, Structure, developed by Pritchard et
al. was used with haplotype data for 880 elite maize inbreds at
two hundred markers to estimate admixture coefficients and
assign the inbreds to seven subpopulations (J. K. Pritchard,
M. Stephens and P. J. Donnelly (2000) “Inference of popula-
tion structure using multilocus genotype data,” Genetics 155:
945-959). This reduces the occurrence of false positives that
can arise due to the effect of population structure on associa-
tion mapping statistics. Kuiper’s statistic for testing whether
two distributions are the same is used to test a given marker
for association between haplotype and phenotype in a given
subpopulation (W. H. Press, S. A. Teukolsky, W. T. Vetterling,
B. P. Flannery, 2002; Numerical Recipes in C, second edition,
Cambridge University Press, NY).

The Pedigree-based association mapping is conducted
using GPA Procedure (General Pedigree-Based Association
Analysis), developed by Shu et al. (Guoping Shu, Beiyan
Zeng, and Oscar Smith, 2003; Detection Power of Random,
Case-Control, and Case-Parent Control Designs for Associa-
tion Tests and Genetic Mapping of Complex Traits. Proceed-
ings of 15th Annual KSU Conference on Applied Statistics in
Agriculture. 15: 191-204). The GPA Procedure is a condi-
tional likelihood-based association mapping software imple-
mented in SAS Computer Language Version 9.0 (2001, SAS
Institute, Cary, N.C.).

Results

Tables 1 and 2 provide tables listing the maize markers that
demonstrated linkage disequilibrium with the MRCV pheno-
type using the Association Mapping method, and they were
validated on segregating populations. Also indicated in
Tables 1 and 2 are the chromosomes on which the markers are
located and their approximate map position relative to other
known markers, given in cM, with position zero being the first
(most distal from centromere) marker known at the beginning
of the chromosome. These map positions are not absolute,
and represent an estimate of map position. Tables 6 and 7
provide the primer and probe sequences used to type the SNP
markers.

The statistical probabilities that the marker allele and dis-
ease tolerance phenotype are segregating independently are
reflected in the association mapping adjusted probability val-
ues in Tables 1 and 2, which is a probability (P) derived from
analysis of association between genotype and phenotype. The
lower the probability value, the more significant is the asso-
ciation between the marker genotype at that locus and the
MRCYV infection tolerance phenotype.

Non-structured association analysis for the named SS
group revealed the presence of two peaks of probability on
chromosome 2, at position 65.99 represented by markers
MZA2038 (p=0.00000266) and MZA 11826 (p=0.00000179)
and at position 127.18-131.13 represented by markers
MZA11806 (p=0.000002) and MZA14212 (p=0.00000327).
The non-structured analysis also revealed several other asso-
ciations across the genome. The only consistent association
that it was validated by independent approaches corre-
sponded to the position 65.99 on chromosome 2. The non-
structured analysis increases the power to evaluate the whole
allele variability for a target region but at the same time
increase the number of false positive associations because
population structure is not corrected by this analysis.

FIG. 1A shows a structured association analysis of a group
of argentinian inbreds (or inbreds target for the argentine
breeding program) where several markers were significant at
0.0005 p-level at the region from position 65.99 to 85.84,
including MZA16656  (P=0.000194), MZA18224
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(p=0.000066) and MZA5057 (p=0.000045). FIG. 1B shows a
structured association analysis for an SS group where on the
short arm of chromosome 2, the most associated markers
were MZA1525 at position 54.62 (p=0.00043) and
MZA11826 at position 65.99 (p=0.00168). Two additional
associations were observed at position 91.19 represented by
marker MZA13812 (p=0.000299) and position 154.06 repre-
sented by marker MZA10682 (p=0.000024).

FIG. 1C shows a structured association analysis for the SS
group with a different set of phenotypic data. The highest
associated marker on the short arm of chromosome 2 was
MZA12899 at position 53.83 (p=0.000298). There were
other associated markers in the long arm of chromosome 2
where the highest associated markers were MZA1067 (Map
position: 141.9; p=0.000094) and MZA10832 (Map position:
159.8; p=0.000086).

Example 2

QTL Interval Mapping and Single Marker
Regression Analysis

A QTL interval mapping and a single marker regression
analysis was undertaken to identify maize chromosome inter-
vals and genetic markers (respectively) that are associated
with resistance and allow the plant resistance of maize to
MRCYV infection. QTL mapping and marker regression are
widely used methods to identify genetic loci that co-segregate
with a desired phenotype. By identifying such genetic loci,
marker assisted selection (MAS) can be used to improve the
efficiency of breeding for improved maize inbreds and
hybrids.

Maize Lines

Two main mapping populations for MRCV resistance were
created from the crosses of inbreds PH7WT (resistant geno-
type) and PH3DT (highly susceptible genotype), and PHITJ
(resistant genotype) and PH890 (susceptible genotype). The
PH7WTxPH3DT population consisted of 120 F5/F7 families
and the PHOTJxPH890 consisted of 212 BC2F4/BC2F5
families.

Phenotypic Scoring

Phenotypic scoring of each of the lines was based on sets of
phenotypic data collected from the field on two
(PH890xPHI9TJ cross) or three different crop seasons
(PH7WTxPH3DT).

Maize Genotyping

Maize FS5S progeny of PH7WTxPH3DT were genotyped
using a total of 246 polymorphic and good quality markers
and the BC2F4 progeny of PH890xPHITJ were genotyped
with 167 polymorphic and good quality markers. First round
of genotyping included SSR markers. A second round of
genotyping with a set of 101 polymorphic and good quality
markers was performed on F7 PH7WTxPH3DT progeny. A
second round of genotyping was performed on
PH890xPHITI population by using a set of makers at specific
genomic regions.

Windows QTL Cartographer (the most up-to-date version
of this software was used according the date of QTL map-
ping) was used for both the marker regression analysis and
QTL interval mapping. LOD scores (logarithm of the odds
ratio) were estimated across the genome according the stan-
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dard QTL mapping procedures. The term “likelihood of
odds” is used to describe the relative probability of two or
more explanations of the sources of variation in a trait. The
probability of these two different explanations (models) can

50

Markers that lie within these intervals are useful for use in
MAS, as well as other purposes.

Example 3

be computed, and the most likely model chosen. If model Ais 5
1000 times more probable than model B, then the ratio of the QTL Validation by Marker Assisted Selection
odds are 1000:1 and the logarithm of the odds ratio is 3.

Both the raw data for individual replications and years, and A QTL interval mapping and a single marker regression
mean scores, were used in QTL interval mapping. The LOD analysis was undertaken to identify maize chromosome inter-
threshold was 2.5. A confidence interval was estimated for 10 vals and genetic markers (respectively) that are associated
each QTL. The positions obtained are then plotted as a his- with resistance and allow the resistance to MRCV infection.
togram overlaying the interval mapping figure. QTL mapping and marker regression are widely used meth-

ods to identify genetic loci that co-segregate with a desired
Results phenotype. By identifying such genetic loci, marker assisted
15 selection (MAS) can be used to improve the efficiency of
QTL Interval Mapping breeding for improved maize inbreds and hybrids.

The present study identified various chromosome intervals
that correlate with QTLs that associate with resistance/sus- Maize Lines
ceptibility to MRCV infection. The QTLs were identified
using the field data. One major, significant QTL was located 20  One main population for validation and mapping of
on linkage group 2 on both mapping crosses (see FIGS. MRCYV resistance was created from the cross of inbreds
12-14; see also Table 13, which shows a QTL marker regres- PH7WT and PH3DT. Other populations were generated to
sion analysis for the PH890xPHO9T]J cross). validate the effect of this QTL across backgrounds. The

TABLE 13

F(1, Mean
Marker Chrom. Position bl n-2) pr(F) Repl bl F(1,n-2) pr(F) Rep2 bl F(1,n-2) pr(F) Score
MZA117-12-A 2 3453 0245 4691 0032 * 0117 1026 0313 -0.242 7452 0.007 **
MZA4122-3-A 2 45.60 -0.354 11.881 0001 *** _0383  13.637 O #RE 0,383 23.661 0 o
MZA10252-10-A 2 4885 -0.389 13.624 0 *E - _0444 17587 0 BREE 0,380 21.621 0 o
MZA8381-29-A 2 6347 -0.640 45.160 0 EE - _0716 58110 0 BREE 0,640 85.828 0 o
MZAG625-30-A 2 64.05 -0.638 50504 0 EEE L _0686 58803 0 BREE 0,620 90.530 0 o
MZA16656-8-A 2 6599 -0.719 66.790 0 wEEE 0727 66005 O wREE L _0,685  117.393 0 o
MZA9105-6-A 2 6544 -0.719 66.790 0 wEEE 0727 66005 O wREE L _0,685  117.393 0 o
MZA9510-8-A 2 6544 -0.702 64.097 0 EEE L _0720 65830 0 wREE 0,673 114098 0 o
MZA18224-801-A 2 68.80 -0.739 69.538 0 EEE 0730 64530 0 wREE L _0,698 119381 0 o
MZA2349-71-A 2 68.80 -0.694 60.777 0O EEE 0,625 44607 0 wREE L _0,651 100026 0 o
MZA18036-23-A 2 7175 -0.576 41.165 0 EEE L _0531 32632 0 BREE 0,543 65053 0 o
MZA8189-16-A 2 76.80 —0.542 37.689 0 EEE . _0538 35626 0 BREE 0,529 64.896 0 o
MZA10094-6-A 2 80.90 -0.501 30.686 O EEE L _0475 26107 0 wREE 0,477 48187 0 o
MZAT7266-6-A 2 9643 -0.267 5081 0025 *  -0.169 1955 0.164 -0.223 5677 0018 *
MZA15573-12-A 5 14473 0153  1.371 0.243 -0.332 6482 0012 * 0234 5252 0023 *
MZAT7908-20-A 5 152.87 -0.284  7.206 0.008 ** 0421 16156 0 BREE 0,336 17077 0 o
MZA8726-9-A 5 15405 -0.326 10429 0001 ** 0459 21357 O BREE 0,375 23713 0 o
MZA4599-24-A 5 167.44 -0.237 5.649 0019 *  -0.235 5380 0022 * 0293 14552 0 o
MZAS048-8-A 5 168.07 -0.231 5339 0022 *  -0.234 5305 0022 * 0291 14201 0 o
MZA3899-10-A 5 17523 -0.123  1.292 0257 -0.225 4264 0040 *  -0211 6270 0013 %
A second QTL was identified on linkage group 5 at position PH7WTxPH3DT population consisted of 82 BC3F3 families
150-160 (PH890xPHITJ pop) and another at position 200- generated by introgress by markers the QTL mapped on chro-
220 on linkage group 5 (PH7WTxPH3DT pop). A third QTL mosome 2 into PH3DT. There were 4 additional BC1F3
was mapped on PH7WTXPH3DT at position 165-185 on 50 populations generated by marker assisted selection that con-
chromosome 2. sisted of 24 BC1F3 from the cross PHOKWxPH7WT, 12
Single Marker Regression BCI1F3 from the cross PH6B8xPH7WT, 3 BC1F3 from the

Using single marker regression, there are a number of cross PHP3P1xPH7WT and 6 BCIF3 from the cross
markers showing association with the resistant phenotype at a PH6GFXPH7WT~ These populations were gener: ated by self-
confidence level of P=0.05 or better, as shown in Tables 1 and 33 ing spe01ﬁc. BC3 or BC} plar.lts. and deriving BC.3F3 or
2. Some of the markers identified in the marker regression ~ BC1F3 families with allelic variation at the QTL region.
analysis show a concordance of observations with the asso- . .
ciation mapping, where the different approaches identify the Phenotypic Scoring
same markers. For example, there are markers at the region . .
from 55 to 70 cM on Chr 2 identified by both marker regres- ¢ Phenotypic scoring of each of the BC1F3, BC3F3 and
sion and association mapping. parents was based on sets of phenotypic data collected from

the field on one crop season.
Discussion/Conclusions Maize Genotyping
65

This present study has identified chromosome intervals
and individual markers that correlate with MRCYV resistance.

Maize BC1F2 progeny from the different crosses and
BC3F3 from the cross PH7WTxPH3DT were genotyped by
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using polymorphic SNPs at the QTL region. BC3F3 were
subjected to background clean at BC3 stage, especially at
chromosome 5 QTL. Markers included SNP markers.

Windows QTL Cartographer (up-to-date version accord-
ing the date of QTL mapping) was used for both the marker
regression analysis and QTL interval mapping. LOD scores
(logarithm of the odds ratio) were estimated across the
genome according the standard QTL mapping procedures.

Both the raw data for individual replications and mean
scores were used in QTL interval mapping. The LOD thresh-
old was 2.5. A confidence interval was estimated for each
QTL. The positions obtained are then plotted as a histogram
overlaying the interval mapping figure.

As these population were generated by marker assisted
selection (not random events of recombination), marker

10
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tibility to MRCYV infection. The QTL were identified using
the field data. One major significant QTL was located on
linkage group 2 on the main validation BC3F3 population.
The main markers at this QTL in the main validation popu-
lation when checked on the other BC1F3 progenies con-
firmed the effect of this QTL on resistance/susceptibility to
MRCYV infection.
Single Marker Regression

Using single marker regression, there are a number of
markers showing association with the resistant phenotype at a
confidence level of P=0.05 or better, as shown in Tables 1 and
2. Some of the markers identified in the marker regression
analysis show a concordance of observations with the asso-
ciation mapping, where the different approaches identify the

15
regression analysis was considered as powerful as interval same markers. For example, there are markers at the region
mapping analysis. from 55 to 70 cM on chromosome 2 identified by both marker
regression and association mapping. See FIG. 2 for interval
Results mapping and Table 14 for marker regression analysis for the
50 PH3DTXxPH7WT cross. Note that replication #3 was affected
QTL Interval Mapping by herbicide stress. MRCVSC=MRCV phenotypic score.
The present study identified a single chromosome interval Inc. Sev. Symp.=frequency of plants with severe symptoms
that correlated with QTLs associated with resistance/suscep- on each experimental unit.
TABLE 14
F(1, F(1, F(1,
Marker Chrom. Position F(1,n-2) pr(F) Repl n-2) pr(F) Rep2 n-2) pr(F) Rep3 n-2) pr(F) Mean Score
Inc sev symptoms Inc sev symptoms Inc sev symptoms Inc sev symptoms
MZA2592-73-A 2 9.29 3.49 0.07 422 0.04 .19 0.28 629 0.01 *
MZ.A225-50-A 2 25.51 5.57 002 % 3.10  0.08 138 024 635 0.1 *
MZA3334-4-A 2 33.38 9.98 0 L 215 0.015 560 002 * 1058 0 L
MZA4122-3-A 2 45.60 26.19 0 wEEE 949 () L 1021 0 3182 0 HRAE
MZAR067-27-A 2 52.77 28.10 0 wEEE 921 Q L 957 0 * 3156 0 HRAE
MZA5822-15-A 2 53.53 30.53 0 wEE 10770 L 1026 0 *E 3566 0 HRAE
MZA1525-98-A 2 54.62 32.66 0 wEEE 1280 () %1085 0 *E 4037 0 HRAE
MZA8381-801-A 2 63.47 34.31 0 wEEE 14250 A 1156 0 *E 4352 0 HRAE
MZA625-29-A 2 64.05 34.27 0 wEEE 1304 Q A 1191 0 REE 4463 0 HRAE
MZA625-30-A 2 65.99 34.88 0 wEEE 14210 A 11780 wEE 4421 0 HRAE
MZA16656-19-A 2 65.99 32.03 0 wEE 1317 0 A 1108 0 *E 4036 0 HRAE
MZA15490-801-A 2 65.99 34.31 0 HEEE 1466 0 A 1146 0 *E 4416 0 HRAE
MZA2038-71-A 2 65.99 34.31 0 HEEE 1466 0 A 1146 0 *E 4416 0 HRAE
MZA11826-803-A 2 65.99 34.31 0 HEEE 1466 0 A 1146 0 *E 4416 0 HRAE
MZA11826-801-A 2 65.99 34.31 0 HEEE 1466 0 A 1146 0 *E 4416 0 HRAE
MZA9105-8-A 2 65.44 34.30 0 wEEE 1467 0 A 1146 0 *E 4416 0 HRAE
MZA18224-801-A 2 68.80 34.19 0 wEEE 1476 0 A 1139 0 *E 4414 0 HRAE
MZA18036-23-A 2 71.75 29.40 0 wEEE 1165 0 L 941 0 *E 3580 0 HRAE
MZA15853-10-A 2 77.72 23.81 0 OEE 597 0,02 * 602 002 * 2276 0 HRAE
MZA10094-6-A 2 80.90 23.24 0 wOEE 58D 0,02 * 791 001 ** 2405 0 HRAE
MZA15844-19-A 2 82.87 19.48 0 wOEE 367 0,06 816 001 ** 1932 0 HRAE
MZA4425-25-A 2 85.68 12.42 0 BEE 194017 637 001 * 1215 0 Lkl
MZA7964-33-A 2 94.40 6.24 002 % 208 0.15 623 002 % 7.90 001 L
MZA1962-33-A 2 96.01 5.32 002 % 201 0.6 693 001 % 736 001 L
MZA5581-13-A 2 105.99 491 003 % 147 023 7.99 001  ** 770 001 L
MZA3439-8-A 2 128.57 427 0.04 % 0.90 0.35 734 001  ** 6.51 0.1 *
MZ.A4564-49-A 2 142.10 5.85 002 % 0.66 0.42 859 0 L 749 001 L
MZA10883-17-A 2 158.98 0.20 0.66 0.02  0.89 226 0.14 024 0.63
MZA12915-19-A 2 170.53 0.00 0.98 0.01 091 057 045 0.04 0.84
MZA10488-21-A 2 177.67 0.19 0.66 0.01 091 011 074 0.03 0.87
MZA3152-16-A 2 191.27 0.15 0.70 0.11 0.74 0.74 039 0.00  1.00
MZAS505-250-A 2 201.35 1.20 0.28 222 0.14 153 022 355 0.06
MRCVSC MRCVSC MRCVSC MRCVSC
MZA2592-73-A 2 9.29 2.87 0.09 0.86 0.36 0.02  0.90 137 025
MZ.A225-50-A 2 25.51 8.89 0 L 331 0.07 115 029 5.63  0.02 *
MZA3334-4-A 2 33.38 21.58 0 EEE 403005 * 248 012 11.67 0 L
MZA4122-3-A 2 45.60 35.56 0 OEE 606 0.02 * 490 003 * 2090 0 HRAE
MZAR067-27-A 2 52.77 48.72 0 wEEE 95D () L 885 0 *E 3241 0 HRAE
MZA5822-15-A 2 53.53 53.73 0 wEEE 903 ( L 9.06 0 *E 3453 0 HRAE
MZA1525-98-A 2 54.62 58.15 0 RS 10,12 0 L 896 0 *E 3586 0 HRAE
MZA8381-801-A 2 63.47 58.64 0 HEEE 1209 0 Lkl 952 0 *E 3957 0 HRAE
MZA625-29-A 2 64.05 63.88 0 RS 1329 () X 1082 0 *E 4092 0 HRAE
MZA625-30-A 2 65.99 60.02 0 RS 1244 Q Lkl 981 0 *E 4033 0 HRAE
MZA16656-19-A 2 65.99 59.49 0 wOEE 11230 L 1013 0 *E 3887 0 HRAE
MZA15490-801-A 2 65.99 62.05 0 RS 1300 0 A 1051 0 *E 4162 0 HRAE
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TABLE 14-continued
F(l, F(, F(,
Marker Chrom. Position F(1,n-2) pr(F) Repl n-2) pr(F) Rep2 n-2) pr(F) Rep3 n-2) pr(F) Mean Score
MZA2038-71-A 2 65.99 62.05 0 REE 1309 0 oAk 1051 0O ok 41.62 0 A
MZA11826-803-A 2 65.99 62.05 0 REE 1309 0 oAk 1051 0O ok 41.62 0 A
MZA11826-801-A 2 65.99 62.05 0 REE 1309 0 oAk 1051 0O ok 41.62 0 A
MZA9105-8-A 2 65.44 62.03 0 REE 1309 0 oAk 1050 0O ok 41.61 0O A
MZA18224-801-A 2 68.80 61.77 0 REE 1310 0 oAk 1043 0 ok 4150 0 A
MZA18036-23-A 2 71.75 47.25 0 REE 1183 0 oAk 7.58 0.01 ok 40.17 0 A
MZA15853-10-A 2 77.72 43.32 0 A 875 0 ok 644  0.01 * 31.80 O A
MZA10094-6-A 2 80.90 37.87 0 A 7.62  0.01 ok 931 O ok 31.20 0 A
MZA15844-19-A 2 82.87 33.89 0 A 490 0.03 * 8.38 0.01 ok 2658 0 A
MZA4425-25-A 2 85.68 19.92 0 A 1.44  0.23 528 0.02 * 1562 0 A
MZAT7964-33-A 2 94.40 12.94 0 ok 244 012 7.06 0.01 ok 13.89 0 A
MZA1962-33-A 2 96.01 11.02 0 E 234 013 7.63  0.01 ok 13.26 0 A
MZAS5581-13-A 2 105.99 8.12 0.01 E 1.93  0.17 648  0.01 * 1469 0 A
MZA3439-8-A 2 128.57 2.93 0.09 1.47 0.23 2.82  0.10 7.13  0.01 E
MZA4564-49-A 2 142.10 2.90 0.09 1.47 0.23 298 0.09 6.78  0.01 *
MZA10883-17-A 2 158.98 0.00 0.96 0.86  0.36 0.28 0.60 1.83  0.18
MZA12915-19-A 2 170.53 0.67 0.42 043 051 0.16 0.69 0.57 045
MZA10488-21-A 2 177.67 0.21 0.65 0.01 095 0.04 0.85 0.01 091
MZA3152-16-A 2 191.27 0.62 0.43 032 057 0.00  1.00 031 0.58
MZAS505-250-A 2 201.35 0.66 0.42 023 0.63 0.07 0.80 0.80  0.37

The effect of MRCV1 allelic variation on several back-
grounds was evaluated by the phenotypic data of BC1F3s
progeny with allelic variation at MRCV1 region. MRCV1
resistant allele showed a positive effect across another 4
genetic backgrounds (PH6GF, PHP3P1, PH6B8 and PHOKW
inbreds). Table 15 below shows the mean phenotypic score
for BC1F3 progeny with allelic variation at MRCV1 region.

TABLE 15
Inbreds

Marker position 65.99 PH6GF PHP3P1 PH6B8 PH6KW
Inbred score 3.8 2.5 3 3
BC1F3 susceptible allele (AA) 5.00 4.10 4.50 4.19
BC1F3 heterozygous allele (AB) — 3.53 5.17 4.26
BCI1F3 resistant allele (BB) 6.11 6.17 547 5.00
QTL effect 1.11 2.07 0.97 0.81

Discussion/Conclusions

This present study has identified chromosome intervals
and individual markers that correlate with MRCYV resistance.
Markers that lie within these intervals are useful for use in
MAS, as well as other purposes.

Example 4

QTL Validation on DH Breeding Populations

A QTL marker regression analysis was undertaken to iden-
tify maize chromosome intervals and genetic markers (re-
spectively) that are associated with resistance and allow the
resistance to MRCV infection. QTL mapping and marker
regression are widely used methods to identify genetic loci
that co-segregate with a desired phenotype. By identifying
such genetic loci, marker assisted selection (MAS) can be
used to improve the efficiency of breeding for improved
maize inbreds and hybrids.

Maize Lines

Marker enhanced pedigree selection (MEPS) populations
means the scheme of breeding population populations for
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MRCYV resistance were created from different crosses of
inbreds. The crosses included: a) Crosses with MRCV 1 fixed:
PHKEFxPHBNA, PHKEFxPHS2G, PHKFDxPHS3J, PHK -
FAXPHBNA, PHKFAxXxPHKEF, PHS2YxPHKEF, and b)

Crosses with MRCV1 segregating: PH3DTxPHKEF,
PHKEFxPH9PR, PHKEFxPHOPR, PHKEFxPHKDK,
PHKDNxPHKFD, PHKDNxPHS3J, PHKFDxPHCOG,
PHKDKxPHKFA, PHKDNxPH9PH.
TABLE 16
Population # Ind MRCV1
PHKEF/PHBNA 9 Fixed
PHKEF/PHS2G 13 Fixed
PHKFD/PHS3T 12 Fixed
PHKFA/PHBNA 12 Fixed
PHKFA/PHKEF 34 Fixed
PHS2Y/PHKEF 12 Fixed
PH3DT/PHKEF 11 Segregating
PHKEF/PH9PR 12 Segregating
PHKEF/PHKDK 18 Segregating
PHKDN/PHKFD 30 Segregating
PHKDN/PHS3J 11 Segregating
PHKFD/PHCOG 9 Segregating
PHKDK/PHKFA 15 Segregating
PHKDN/PH9PH 8 Segregating

These populations were generated by the doubled haploids
process. The number of individuals characterized for MRCV
resistance were included in Table 16. Fingerprint data at the
main QTL region and identity by descent information was
used to define QTL segregating and QTL fixed populations.

Phenotypic Scoring

Phenotypic scoring of each of the DH MEPS population
was based on sets of phenotypic data collected from the field
in one crop season.

Maize Genotyping

Maize DH progeny from the different crosses were geno-
typed by using a set of 756 SNPs distributed in the maize
genome. The positions obtained are then plotted as a histo-
gram overlaying the interval mapping figure.
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Results

QTL Marker Analysis

The present study identified a single major chromosome
interval that correlated with QTL associated with resistance/
susceptibility to MRCV infection when populations from SS
crosses ResistantxSusceptible and segregating for MRCV
major QTL on chromosome 2 were selected “a priori” 2. The
QTL were identified using the field data. One major, signifi-
cant QTL was located on linkage group 2. Genetic crosses
between inbreds harboring the positive allele of the major
QTL on chromosome 2 (QTL fixed by parents) showed most
of the progenies with a field MRCV score of 4 or higher.
Single Marker Regression

Using single marker regression, there are a number of
markers showing association with the resistant phenotype at a
confidence level of P=0.05 or better, as shown in Tables 1 and
2. Some of the markers identified in the marker regression
analysis show a concordance of observations with the asso-
ciation mapping, where the different approaches identify the
same markers. For example, there are markers at the region
from 55 to 70 cM on chromosome 2 identified by both marker
regression and association mapping. On a group of SS
inbreds, main association was located at the MZA10538
marker (position 54.5). On a group of NSS inbreds, a major
association was located at position 72 cM.

Discussion/Conclusions

This present study has identified chromosome intervals
and individual markers that correlate with MRCYV resistance.
Markers that lie within these intervals are useful for use in
MAS, as well as other purposes.

Example 5
Main Inbreds Characterization

A set of key argentine genetic materials were phenotypi-
cally and genetically characterized to confirm maize genetic
marker loci associated with resistance to MRCV. By identi-
fying such genetic markers, marker assisted selection (MAS)
can be used to improve the efficiency of breeding for
improved resistance of maize to MRCV.

Maize Lines and Resistance Scoring

The plant varieties used in the analysis were from diverse
sources, including elite germplasm, commercially released
cultivars and other public lines representing a broad range of
germplasm related to the argentine breeding program and
including main sources of MRCYV resistance.

The groups of maize lines were assembled for the analysis
based on their phenotypic responses against MRCV infec-
tion, where the plants were sorted into either highly suscep-
tible or highly resistant varieties. The classifications of resis-
tance and susceptible were based solely on observations of
fortuitous, naturally occurring disease incidence in field tests
over several years. The degree of plant resistance to MRCV
infection varied widely, as measured using a scale from one
(highly susceptible) to nine (highly tolerant). Generally, a
score of two (2) indicated the most susceptible strains, a score
of four (4) was assigned as the threshold to consider a plant
susceptible or resistant (less than 4, susceptible; 4 or higher is
resistant) and a score of seven (5-7) was assigned to the most
resistant lines. Resistance scores of eight (8) and nine (9)
were reserved for resistance levels that are very rare and
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generally not observed in existing germplasm. If no disease
was present in a field, no resistance scoring was done. How-
ever, if adisease did occur in a specific field location, all of the
lines in that location were scored. Scores for test strains
accumulated over multiple locations and multiple years, and
an averaged (e.g., consensus) score was ultimately assigned
to each line.

Data collection was typically done in one scoring time.
Scoring time is placed after flowering time.

In assessing association of markers to resistance, a com-
parison by simple regression approach was used. Allele origin
was checked by the identity by descent approach. Using this
approach, those maize lines that were considered to be rep-
resentative of either the resistant or susceptible classes were
used for assessing association. A list of resistant lines was
constructed, where inbreds having a resistance score of 4 or
greater were considered “Resistant”. Similarly, maize lines
with scores of three or less were collectively considered sus-
ceptible. Only lines that could be reliably placed into the two
groups were used. Once a line is included in the “Resistant” or
“susceptible” group, it was treated as an equal in that group.
The actual quantitative ratings were also used for association
test. In addition to this test, the identity by descent informa-
tion was used to confirm the resistant allele origin at the
highest associated markers.

In the study, 85 maize lines were identified that were con-
sidered resistant in the phenotypic spectrum; these plants
formed the “RESISTANT” group. Also, 35 maize lines were
identified that were judged to be susceptible to MRCV; these
strains formed the “SUSCEPTIBLE” group.

Maize Genotyping

Each of the tolerant and susceptible lines was genotyped
with a set of 63 SNP markers that span the QTL region at
Chromosome 2 using techniques well known in the art. The
genotyping protocol consisted of collecting young leaf tissue
and isolating genomic DNA from pooled tissue of each
inbred. The maize genomic DNA was extracted by the CTAB
method, as described in Maroofet al. (1984) Proc. Natl. Acad.
Sci. (USA) 81:8014-8018.

Theisolated genomic DNA was then used in PCR reactions
using amplification primers specific for a large number of
markers that covered the QTL region. SNP-type markers
were genotyped using an ASH protocol.

The underlying logic is that markers with significantly
different allele distributions between the resistant and suscep-
tible groups (i.e., non-random distributions) might be associ-
ated with the trait and can be used to separate them for
purposes of marker assisted selection of maize lines with
previously uncharacterized or characterized resistance or sus-
ceptibility to MRCV. The present analysis examined one
marker locus at a time and determined if the allele distribution
within the resistant group is significantly different from the
allele distribution within the susceptible group. This analysis
compares the plants’ phenotypic score with the genotypes at
the target loci.

Results

Tables 1 and 2 list maize markers that demonstrated link-
age disequilibrium with the MRCV resistant/susceptibility
phenotype. Also indicated in those tables is where the mark-
ers are located and their approximate map position relative to
other known markers, given in cM, with position zero being
the first (most distal) marker known at the beginning of the
chromosome. These map positions are not absolute, and rep-



US 9,315,872 B2

57

resent an estimate of map position. The statistical probabili-
ties that the marker allele and tolerance phenotype are segre-
gating independently are reflected in the adjusted probability
values.

Tables 6 and 7 provide the PCR primer sequences that were
used to genotype these marker loci.

The non-random distribution of alleles between the resis-
tant and susceptible plant groups at the various marker loci in
Tables 1 and 2 is good evidence that a QTL influencing
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for mapping QTL in specific populations that are segregating
for plants having tolerance to MRCV infection. In this appli-
cation, one proceeds with conventional QTL mapping in a
segregating population, but focusing on the markers that are
associated with MRCYV infection tolerance, instead of using
markers that span the entire genome. This makes mapping
efforts more cost-effective by dramatically reducing lab
resources committed to the project. For example, instead of
screening segregating populations with a large set of markers

MRCYV resistance is linked to these marker loci. Considering 10 that spans the entire genome, one would screen with only
that most of the inbreds of this set correspond to a specific those few markers that met some statistical cutoff'in the allele
breeding program (argentine breeding program), it is association study. This will not only reduce the cost of map-
expected that Appliants have found linkage disequilibrium ping but will also eliminate false leads that will undoubtedly
with other markers on flanking regions of the gene. The occur with a large set of markers. In any given cross, it is
highest associated markers corresponded to the previously 15 likely that only a small subset of the associated markers will
considered preferred markers. actually be correlated with tolerance to MRCV infection.
As well known in the art, the level of association of target Once the few relevant markers are identified in any tolerant
markers to a trait of interest will be determined by the level of parent, future marker assisted selection (MAS) efforts can
linkage disequilibrium at the target region on that specific set focus on only those markers that are important for that source
of genetic materials. Table 17 below shows the level of asso- 20 of'tolerance. By pre-selecting lines that have the allele asso-
ciation across the target region between the genotypic data of ciated with tolerance via MAS, one can eliminate the unde-
SNPs markers and the response to MRCV. sirable susceptible lines and concentrate the expensive field
TABLE 17
Chr  Pos Marker b0 bl F(l,n-2) pr(F) MRCV Trait
2 64.05 MZA625-29-A 1612 -0.322 95712 0 i
2 64.05 MZA625-30-A 1.602 -0.326 92373 0 i
2 65.99 MZA16656-8-A 1613 -0.255 44107 0 i
2 6599 MZA16656-19-A  1.571 -0344 105781 0O i
2 6599 MZA15490-137-A 1724 -0.189 23.834 0 i
2 6599 MZA15490-138-A 1731 -0.179 20.667 0 i
2 6599 MZA15490-801-A  1.727 -0.172 19222 0 i
2 65.99 MZA2038-71-A 1702 -0.045 1.095  0.298
2 65.99 MZA2038-76-A 1.691 -0.063 1987  0.161
2 6599 MZA11826-801-A  1.673 -0.098 4614 0.034 *
2 6599 MZA11826-27-A  1.681 -0.092 4315 0.04 *
2 6599 MZA11826-803-A  1.673 -0.113 6.286  0.014 *
2 65.44 MZA9105-8-A 1576 -0.226 22461 0 i
2 65.44 MZA9105-6-A 1.681 -0.081 3452 0.066
In order to evaluate the effect of the allelic variation at this *" testing resources on lines that have a higher probability of
QTL at the hybrid level, a set of 371 hybrids (heterogenous being resistant to MRCV infection.
genetic backgrounds) was characterized according to the
presence of one (heterozygous for the QTL) or two resistant Example 6
alleles (homozygous for the QTL) from the parent lines. A 45
positive and additive effect of the resistant allele at the major QTL Evaluation on F3 Breeding Populations
QTL was observed on the hybrid combinations; no maternal
effects were observed. Table 18 below shows the field perfor- Marker associations are widely used methods to identify
mance of hybrids with different genotypes at the major QTL. genetic loci that co-segregate with a desired phenotype. By
50 identifying such genetic loci, marker assisted selection
TABLE 18 (MAS) can be used to improve the efficiency of breeding for
improved maize inbreds and hybrids.
Number of
Hybrid genotype at major QTL hybrids MRCVSC Category . .
Maize Lines
AA, homozygous susceptible allele 65 3.8 Susceptible 355
iﬁi:eterozygous’ female resistant 121 441 Resistant Old scheme of breeding was based on the traditional pedi-
AB, heterozygous, male resistant 96 446  Resistant gree based method of making F1 crosses and deriving several
allele . . self generations (F2, F3, F4, etc.). With the goal of checking
BB, homozygous resistant allele 89 476 Resistant the importance of the positive and negative alleles at the major
60 QTL for MRCYV resistance in a specific set of argentine breed-
ing materials, these steps were followed: a) Selection of resis-
Discussion tant parents whose resistance is expected to be based on the
major MRCV1;b) Selecting a total of 2372 F3 families origi-
There are a number of ways to use the information pro- nated from multiple breeding crosses; ¢) Making two groups
vided in this analysis for the development of improved maize 65 of F3 families, a first group, based on crosses between parents

varieties. One application is to use the associated markers (or
more based on a higher probability cutoff value) as candidates

without the positive alleles of the major QTL and a second
group with both parents harboring the positive allele at the
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major QTL. Fingerprint data at the main QTL region and
identity by descent information was used to define QTL seg-
regating and QTL fixed populations (positive/negative).
MZA16656 and/or flanking markers were the key markers to
define the presence of MRCV1 positive allele.

The total number of individuals located on these groups
was 2372. Fingerprint data at main QTL region and identity
by descent information was used to define QTL segregating
and QTL fixed populations.

Phenotypic Scoring

Phenotypic scoring of each of the F3 populations was
based on sets of phenotypic data collected from the field on
one crop season.

Maize Genotyping

Individual F3 families were not genotyped. Genotype at
major QTL on each individual F3 was estimated according to
the specific alleles on both parents. If both parents in a specific
F3 population harbor the positive allele at MRCV1, all the
progenies from that cross were considered as having the
positive allele. If both parents in a specific F3 population
harbor the negative allele at MRCV1, all the progenies from
that cross were considered as having the negative allele. Stan-
dard software was used to the marker ANOVA analysis.

Results

QTL Marker Analysis

The present study supported the conclusion that a major
chromosome interval correlated with QTL associated with
resistance/susceptibility to MRCV infection when popula-
tions from crosses fixed at MRCV major QTL on chromo-
some 2 were selected “a priori”.

Single Marker ANOVA

Using marker ANOVA, there are a number of markers
showing association with the tolerance phenotype at a confi-
dence level of P=0.05 or better, as shown in Tables 1 and 2.
Some of the markers identified in the marker ANOVA analy-
sis show a concordance of observations with the association
mapping, where the different approaches identify the same
markers. For example, there are markers at the region from 55
to 70 cM on chromosome 2 identified by both marker regres-
sion and association mapping.

Discussion/Conclusions

This present study has identified chromosome intervals
and individual markers that correlate with MRCYV resistance.
Markers that lie within these intervals are useful for use in
MAS, as well as other purposes. In this example, Applicants
evaluated the effect on MRCYV resistance of the allelic varia-
tion at MRCV1, and there was a clear the association between
this allelic variation and the expected phenotype on a high
number of F3 progenies.

Table 19 below shows the F-test of the model where the
Source is QTL and two levels of the source were considered:
Level AA: F3 populations with fixed susceptible alleles at
target region (position 65.99 or inferred by flanking markers)
and Level BB: F3 populations with fixed resistant alleles at
target region (position 65.99 or inferred by flanking markers).
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TABLE 19

One-Way ANOVA: MRCVSC score versus QTL

Source DF SS MS F P
QTL 1 1656.41 1656.41 1383.90 0.000
Error 2370 2836.69 1.20

Total 2371 4493.10

S =1.094; R-Sq = 36.87%; R-Sq(adj) = 36.84%
References:

DF. Degree of freedom.

SS. Square Sum.

MS. Mean square.

F. F value.

P. Probability value.

Table 20 below shows a mean test where level AA and level
BB represents the allelic variation at target QTL and accord-
ing to the model included in Table 19. Phenotypic mean for
level AA was 3.42 (MRCYV susceptible category) and pheno-

typic mean for level BB was 5.138 (MRCV resistant cat-
egory).
TABLE 20
Individual 95% Confidence Interval For
Mean Based on Pooled StDev
R — S R S
Level | N | Mean | StDev | (*-)
%
AA [1462[3.420 [ 1.048 ¢
R — S R S
BB 910]5.138 | 1.164 | 3.50 4.00  4.50 5.00
Pooled StDev = 1.094
References:
N: Number of F3 families.
Mean: Phenotypic mean of each level.
StDev: Standard deviation.
Example 7

High-Resolution Gene Mapping and Near-Isogenic
Lines

High-resolution gene mapping by progeny testing of
homozygous recombinant plants was undertaken for high
resolution positioning of the MRCV resistance genes. QTL
interval mapping and a single marker regression analysis
were performed to identify maize chromosome intervals and
genetic markers (respectively) that are associated with resis-
tance and enhance resistance to MRCV infection. QTL map-
ping and marker regression are widely used methods to iden-
tify genetic loci that co-segregate with a desired phenotype.
By identifying such genetic loci, marker assisted selection
(MAS) can be used to improve the efficiency of breeding for
improved maize inbreds and hybrids.

Maize Lines

One main population for high-resolution gene mapping of
MRCYV resistance was created from the cross of inbreds
PH7WT and PH3DT. Another population for fine mapping in
an independent source was created from the cross of inbreds
PHOTJ and PH890. The PH7WTxPH3DT population con-
sisted of 256 BC5F3 families generated by selfing and fixing
selected recombinant BC5 plants from a total of 3000 BCS
plants harboring a heterozygous fragment at the region from
50 to 80 cM on chromosome 2. This strategy permitted cov-
erage with recombinants of the whole QTL region (Tables 7
and 8, and FIG. 3A and FIG. 3B). The PH9TJxPH890 popu-
lation consisted of 245 BC3F3 families generated by: a)
Crossing selected BC2F4 plants homozygous for the major
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QTL on chromosomes 2 and 5 with PH890 (susceptible par- TABLE 21 -continued
ent); b) Making two self generations to advance to fixed
BC3F3 families. Estimated
Table 21 shows the number of BC5F3s recombinants gen- Pi size of each
" ioneer interval Total

erated from the cross PH3ADTxPH7WT. An expected Kb size 5 Genetic  Fingerprint (sequence Recom-
for each marker interval is also included. Table 22 shows the Marker Map* bands™*  data) binants BC5F3s
number of BC5F3s recombinants generated from the cross NMZALAS1 500 o Kb
PH3DTXPH7.W.T. A comparison with the first estimation of MZA15490 65.99 - Less than
gene content is included. 100 Kb

10 MZA2038 65.99 0 Less than 1 1

TABLE 21 20 Kb
MZA11826 65.99 33 Higher than 0 0
Estimated 20 Kb
size of each MZAS150-8-A 65.44 88 Higher than 0 0
Pioneer interval Total 50 Kb
Genetic  Fingerprint (sequence Recom- 15 MZA18224- 68.80 400 Higher than 51 44
Marker Map* bands**  data) binants BC5F3s 801-A 165 Kb

w
Ko

MZA625 64.05 . *Marker ordered according to sequencing, physical, and recombination. Pioneer genetic
MZA16656 65.99 152 Higher than 76 59 map is included only as reference.

100 Kb **Number of fingerprint bands between pairs of markers.

TABLE 22

PHD UC7 PCO
PHD Map Vs. Myriad Locus Annotation
Chr  Pos Amplicons  Order Working Maize Gene ID Summary Recombinants

2 64.05 MZA625 Loc_029 AC191302_ Spart Transcription 59
Factor
Loc_028 AC191302_3 Putrescine-
binding
protein;
Hypothetical
protein
Loc_027 pco600856 Putative
I-
ascorbate
peroxidase
Loc_025 pco530474 Plastid
development
protein;
DAG
Loc_024  pco593067 Hypothetical
protein;
Vacuolar
ATP
synthase
subunit?
Loc_023 AC191302_6 Hypothetical
protein
Loc_022 Inferred by rice and Hypothetical
sorghum protein
Loc_021 pco641713 Hypothetical
protein
Loc_016 pco591841 Growth
regulating
factor
Loc_015 Genomic_PCO622600_PCO666161 G
protein-
coupled
receptor
89C
(Homo
sapiens)

2 65.99 MZA166656 Loc_014 pco638426 Major
intrinsic
protein;

NIP;
BREVIS
RADIX
like 1
Loc_013  pco514627 Hypothetical 2
protein

2 65.30 MZA15451 Loc_012 pco588936 Alternative
oxidase
AOX3
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TABLE 22-continued
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PHD UC7 PCO
PHD Map Vs. Myriad
Chr  Pos Amplicons

Locus

Order Working Maize Gene ID

Annotation

Summary Recombinants

65.99 MZA15490 pco642154

Loc_010 Inferred by rice and
sorghum

Loc_009 pco644442

2 65.99 MZA2038 Loc_008 pco641455

Loc_007 pco640541

Loc_006 pco651091

MZA11826

Loc_005 pco571541
Loc_004
Loc_003

pco525409
pcos553755

Loc_002 pco644099

2 65.44 MZA9105 Loc_001 pco588179

AC208537
(CAP)
AC197085
(CAP)
MZA18224

Alternative
oxidase
AOX2
Hypothetical 1
protein
Myb-like;

2-
component
response
regulator
Clathrin
interactor;
Epsin;
Hypothetical
protein
CDC20 0
WD-

repeat
protein
Cobalamin
synthesis
protein

Hypothetical
protein
Scramblase
Hypothetical
protein
Hypothetical
protein
Receptor
protein
kinase

13

23

BCSF3 near-isogenic lines (NIL) harboring allelic varia-
tion at the region of the preferred markers (MZA16656,
MZA15451, MZA15490, MZA2038, MZAI11826 and
MZA9105) were generated by marker assisted selection from
the PH7WTxPH3DT cross. The NILs were generated by
introgressing the QTL region from PH7WT into PH3DT,
cleaning the genetic background, and selecting specific
recombinants at the region of the preferred markers. By self-
ing individual BC5F2 plants harboring a heterozygous frag-
ment at the region of the preferred markers, negative and
positive near-isogenic lines were derived, and the QTL was
treated as a single Mendelian factor.

Phenotypic Scoring

Phenotypic scoring of each of the BC5F3 families from
PH7WTxPH3DT cross and the 245 BC3F3 families from
PHOTIxPHS890 cross and parents was based on sets of phe-
notypic data collected from the field (field experiments under
natural infection, Cérdoba Province, Argentina) on one crop
season.
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In addition to the phenotyping scoring, the specific isolines
at the region of preferred markers were characterized by
ELISA test for virus in the Buenos Aires Province, Argen-
tina.

Maize Genotyping

Maize BC5F3 progeny from PH7WTxPH3DT cross and
BC3F3 from the PHITIxPH890 cross were genotyped by
using polymorphic SNPs at the QTL region on chromosome
2 (see Example 2). In addition, two CAPS markers were
designed and used to genotype the BC5F3 progenies; these
two CAPS markers were positioned to the interval MZA9105
to MZA18224. In the case of the PHOTIXPH890 cross, addi-
tional markers were positioned on the chromosome 5 QTL.
The BC5F3s from PH7WTxPH3DT cross were subjected to
background cleaning at BC3 stage, especially at chromosome
5 QTL. The BC3F3s from PHITIxPH890 cross were sub-
jected to background cleaning at BC2 stage.

Windows QTL Cartographer (up-to-date version accord-
ing the date of QTL mapping) was used for both the marker
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regression analysis and QTL interval mapping. LOD scores

(logarithm of the odds ratio) were estimated across the target

regions according the standard QTL mapping procedures.
Mean scores were used in QTL interval mapping. The LOD
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confidence level of P=0.05 or better, as shown in Tables 23
and 24. The markers identified in the marker regression analy-
sis show a high resolution gene position for the target QTL,
coincident with the position of the preferred markers. See

threshold was 2.5. A confidence interval was estimated for s Table 23 for marker regression analysis (MRCVSC=MRCV
each QTL. The pOSitiOHS obtained are then plotted as a his- phenotypic score) and FIG. 4 for interval mapping for the
togram overlaying the interval mapping figure. PH7WTXPH3DT cross. See Table 24 for a QTL marker
As these population were generated by marker assisted  regression analysis for the PHYTIXPHS890 cross on specific
selection (not random events of recombination), marker QTL at chromosomes 2 and 5 (MRCVSC=MRCV pheno-
regression analysis was considered as powerful as interval 10 typic score) and FIG. 5 for interval mapping for the
mapping analysis. PH7WTxPH3DT cross.
TABLE 23
Results P Marker Position b0 bl nF-(li) pr(F) MRCVSC
QTL Interval Mapping MZA1525-98-A  54.62 3.423 -0330  9.144 0.003 o
The present study identified a single chromosome interval MZAZIBLBOL-A - 6347 3.337 -0.429 15852 0 :::
. . . . MZAG625-29-A 64.05 3362 -0.422 16218 0
that correlated with QTLs associated with resistance/suscep- MZA16656-19-A  65.99 3300 —-0.589 38934 0 —
tibility to MRCYV infection. The QTL were identified using 2° MzA15490- 65.99 3.331 -0.597 42193 0 ki
the field data. One major, significant QTL was located on ;Z;ZEO% JA 6590 3377 -8 SLEss o e
llpkage group 2 at the Posmon of “preferred markers™ on the MZA11826. 6509 3377 —0638 S1838 0 i
high resolution mapping pops from PH7WTxPH3DT and S01-A
PHOTIxPHS890 crosses. The additional QTL on chromosome MZA9105-8-A 6544 3377 -0.628 51.838 0 ok
5 from PHOTTxPHS90 cross was not significant in this analy- 2> AC208537_003 3448 0257 5276 0.025 *
sis. AC197085_003 3472 -0.135 1331 0253
5 . MZA18224- 68.80 3.403 0.095 0595 0443
Single Marker Regression 8O1-A.
Using single marker regression, there are a number of
markers showing association with the resistant phenotype at a
TABLE 24
Marker Chr Pos b0 bl -2In(LO/L1)  F(l,n-2) pr(F) MRCVSC
MZA9997-42-A 2 54.56 3.891 -0460  37.209 39855 0 AR
MZA2201-44-A 2 5695 3.828 -0.334  24.549 25610 0 AR
MZA8381-29-A 2 6347 3.939 -0465  33.536 35647 0 AR
MZA625-30-A 2 64.05 3.907 -0.485  38.029 40.803 0 AR
MZA9105-6-A 2 66.00 3.887 -0.547  51.358 56671 0 AR
MZA2349-71-A 2 68.80 3.907 -0.534  49.417 54307 0 AR
MZA18224-801-A 2 68.80 3.902 -0.531  48.959 53751 0 AR
MZA18036-23-A 2 7175 3906 -0.505  43.106 46746 0 AR
MZA10543-14-A 2 81.45 3.934 -0.054 0.332 0320  0.572
MZA18843-61-A 5 14108 3.897 0.004 0.003 0003 0958
MZA5521-17-A 5 141.62 3.895 0.009 0.014 0014  0.906
MZA12753-14-A 5 14395 3.886 0.044 0.333 0331 0.566
MZA7908-20-A 5 15287 3.903 -0.046 0.311 0309  0.579
MZA8726-9-A 5 15405 3.901 -0.050 0.385 0382  0.537
MZA11109-19-A 5 16977 3.895 0.036 0.156 0.155  0.694
50
Near Isogenic Lines
The near isogenic lines harboring allelic variation at the
region of preferred markers showed a significant difference in
their response to the disease in Cordoba Province. Table 25
55 shows the genotype of SNPs at the region of preferred mark-
ers for the near isogenic lines (negative isoline=susceptible
haplotype; positive isoline=resistant haplotype); the intro-
gressed fragment is represented by the SNP polymorphics at
6 markers from MZA16656-19-A to MZA9105-8-A while
flanking monomorphics markers MZA625-30-A and
MZA18224-801-A represent the susceptible haplotype on
both near isogenic lines. The ELISA test for virus (samples
from Buenos Aires Province) showed 0% of plants positive
65 for virus in the isolines harboring the resistant allele, while

38% of plants were positive for virus in the isolines harboring
the susceptibility allele.
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TABLE 25
MZA625- MZA16656- MZA15490- MZA15490- MZA2038- MZA2038- MZA11826- MZA11826- MZA9105- MZA18224-
Isoline 30-A 19-A 801-A 137-A 71-A 76-A 801-A 803-A 8-A 801-A
64.05 65.99 65.99 65.99 65.99 65.99 65.99 65.99 65.44 68.8
Nega- C A C A T C G T G A
tive
Positive C G G C A T A C A A
. 10 . .
Note: ELISA test was not performed on materials planted Maize Genotyping
in Cordoba Province (the disease pressure was higher than in
Buenos Aires Province). However, the presence of enations (a A collection of 883 maize lines was analyzed by DNA
specific symptom of Fijivirus) on both resistant and suscep- sequencing at 4000-10000 genes (genetic loci). SNP varia-
tible materials in Cordoba Province indicates the presence of 15 tion was used to generate specific haplotypes across inbreds at
the virus in the plants. each locus. This data was used for identifying associations

between alleles and MRCYV resistance at genome level.
Discussion/Conclusions
Maize Pedigree—Resistance Sources
This present study has identified chromosome intervals 20

and individual markers that correlate with MRCV resistance. A Pioneer pedigree database was used to understand the
Markers that lie within these intervals are useful for use in relationship between inbreds and haplotypes. This database
MAS, as well as other purposes. The high resolution gene contains the pedigree relationship between Pioneer inbreds
position facilitates the cloning of the target QTL. since 1919. In the case of public inbreds, public information
25 about pedigree and origins was incorporated to understand

Example 8 inbred and haplotype relationship. A list of key founders

representing sources of resistance and susceptibility to

Gene Positioning, Sequencing and Candidate Genes MRCYV in Pioneer germplasm (including public lines) was

created by using pedigree, phenotypic and genotypic data.

Sequencing, genetic and physical information for the 30 Most of the susceptible inbreds trace back to a specific set of
region of the preferred markers was integrated to characterize haplotypes from U.S. germplasm (Public lines as B37, B73,
the target region. Information from independent approaches B14, OHO7, C103 and Pioneer inbreds 165 and 938); an

(recombination data, association analysis and conservative exception is PH26N coming from tropical germplasm.
fragments) was used to identify a specific interval for the
generation of additional sequencing data. 35 Gene Positioning
Maize Lines and Phenotypic Scoring The interval between markers MZA15490 and MZA2038
(FIG. 6) was considered as a candidate region for studying the
Maize lines were phenotypically scored based on their allelic diversity at the resistance gene region. This region was
degree of resistance to MRCV infection (in contrast to simple 40 selected by using information from:
categorization of “tolerant” or “susceptible”). The plant vari- a) Recombinants. The positioning by recombinants was
eties used in the analysis were from diverse sources, including showed in Example 7. The phenotypic data for two
elite germplasm, commercially released cultivars and other recombinants at MZA16656 to MZA15490 interval and
public varieties. The collections comprised 883 maize lines. one recombinant at MZA15490 to MZA2038 interval
The lines used in the study had a broad maturity range varying 45 was used to delimitate the left side of the gene position.
from CRM (comparative relative maturity) 90 to CRM 140, From recombination population, there were no available
representing the main inbreds of Pioneer germplasm. recombinants at the region MZA2038-MZA11826-
The degree of plant resistance to MRCV infection varied MZA9105.
widely, as measured using a scale from one (highly suscep- b) Genotypic and phenotypic information across inbreds
tible) to nine (highly resistant). Generally, a score of two (2) 50 from Pioneer germplasm was used to detect a conserva-
indicated the most susceptible strains, a score of four (4) was tive fragment across resistant/susceptible inbreds. The
assigned as the threshold to consider a plant susceptible or detection of a conservative fragment was performed
resistant (less than 4, susceptible; 4 or higher is resistant) and inside specific pedigrees and across multiple indepen-
ascore of seven (5-7) was assigned to the most resistant lines. dent founders when enough conservative SNPs were
Resistance scores of eight (8) and nine (9) were reserved for 55 available across independent founders.
resistance levels that are very rare and generally not observed
in existing germplasm. If no disease was present in a field, no Natural Allelic Diversity and Founder Relationship
resistance scoring was done. However, if a disease did occur
in a specific field location, all of the lines in that location were The interval MZA15490 to MZA2038 was selected for
scored. Scores for test strains were accumulated over multiple 60 allelic diversity analysis because of the high probability of
locations and multiple years, and an averaged (e.g., consen- harboring a candidate gene or the high linkage disequilibrium
sus) score was ultimately assigned to each line. with a candidate gene. As the full sequence at MZA15490 to
Resistance scores for part of the 883 inbred collections MZA2038 interval is available for B73 (B73=274) line, a
were collected over several growing seasons (394 inbreds group of 13 small sequence fragments were targeted for
were evaluated at the same time in the growing season). Data 65 sequencing in a set of tester’s lines. The tester’s lines (Table
collection was typically done in one scoring after flowering 26) included: a) some of the key resistant and susceptible

time. inbreds and haplotypes; b) the resistant and susceptible par-
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ents from the mapping populations PH7WTxPH3DT and
PHOTIxPHS890; ¢) key recombinants from the inbred set and

70
TABLE 26-continued

recombination population (PHG63 and a recombinant at Expected
MZA15490 to MZA2038 interval). [nbred Phenotype haplotype n
Table 26 shows a list of tester’s lines including sources of 5 165 Susceptible 165 33
resistance and susceptibility to MRCV in Pioneer germplasm 661 Susceptible PHANO 93
and a recombinant at MZA15490-MZA2038 interval. PHRO3 Susceptible PHANO 93
PHKS56 Susceptible PHANO 93
PHN47 Susceptible PHN47 1
TABLE 26 PHNVS Susceptible PHNVS 1
10 apl9506156 Susceptible Recombinant 1
Expected ap19506157 Susceptible Recombinant 1
Inbred Phenotype haplotype n ap19506160 Susceptible Recombinant 1
157 Susceptible 625 7
PHOTI Resistant PHOTI 1 625 Susceptible 625 7
PHJ40 Resistant PHJ40 5 PHKP5 - PHKPS 1
PHGD3 — PHGD3 2 s
383 Resistant — 1
PHG63 Resistant 630 14 FIG. 7 shows the position of the targeted fragments in the
630 Resistant 630 14 . e .
PHTWT Resistant 630 4 MZA15490 to MZA;OSS interval and thg position of candi-
PHR33 Resistant PHR33 1 date genes. Sequencing results were obtained for sequences
501 — 501 — 20 named: MRQV_00005-1; MRQV_1318-1; MRQV_02352-
PH467 Resistant PH467 1 . . . .
PHDGO Resistant PHDGS . 1; MRQV_03828-1; MRQV_06374-1; MRQV_08351-1;
PHKO9 Resistant PHKO9 1 MRQV_09551-1-1; MRQV_10673-1 and MRQV_11074-1.
274 Susceptible 274 47 The sequences across the group of tester inbreds for the
1047 Susceptible 1047 3 segments MRQV_08351-1 and MRQV_10673-1 are pro-
PH26N Susceptible PH26N 1 . .. . . .
PH3DT Susceptible 274 47 55 vided herein, including polymorphic SNPs to characterize
PH890 Susceptible 1047 23 haplotypes (see Table 27). The sequence position in the

MZA15490 to MZA2038 interval was included in the FIG. 7.

TABLE 27

SEQ ID_NO_213 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_222 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_220 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_235 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_225 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_226 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_228 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_227 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_223 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_215 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID _NO_216 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID _NO_214 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_233 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_236 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_231 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_229 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_230 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_232 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_234 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_218 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID_NO_219 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
SEQ ID _NO_ 217 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA

SEQ ID_NO_221 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
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TABLE 27-continued
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SEQ ID_NO_224 TCGCATCTGCAGCTTCTTTTGCACCTGATTACAGACATAAGCACTTGTAGCGTTTATGGA
B R R R T T

SEQ ID_NO_213 AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_222 AGAAAGGTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_220 AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_235AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_225AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_226 AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_228 AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_227 AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_223 AGAAAGTTTTGGAGTGCAAATCTCATGACAATGATGTAAATCTGTCTTGCCTCAGTTTGT
SEQ ID_NO_215AGAAAGTTTTGGAGTGCAAATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_216 AGAAAGTTTTGGAGTGCAAATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_214 AGAAAGTTTTGGAGTGCAAATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_233 AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_236 AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_231AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_229 AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_230AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_232 AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_234 AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_218 AGAAAGTTTTGGAGTGCAAATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_219 AGAAAGTTTTGGAGTGCAAATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_217 AGAAAGTTTTGGAGTGCAAATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
SEQ ID_NO_221 AGAAAGGTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT

SEQ ID_NO_224 AGAAAGTTTTGGAGTGCAGATCTCATGACAATGATGTAAATCTATCTTGCCTCAGTTTGT
B A R R S R T T T

SEQ ID _NO_213 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_222 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID_NO_220 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID_NO_235TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID_NO_225TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_226 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_228 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_227 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID_NO_223 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_215TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_216 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_214 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_233 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT

SEQ ID _NO_236 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAATGCATCGCTAAGTGCTATTTCT
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SEQ ID _NO_231 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID_NO_229 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_230 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_232 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_234 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAATGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_218 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_219 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_217 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT
SEQ ID _NO_221 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTATTTCT

SEQ ID_NO_224 TCTTGTAGTTTCCTTTGGACTTGAATTTGATACCTTAGTGCATCGCTAAGTGCTGGTTCT
B R R R T T T S A T

SEQ ID_NO_213 CTGATTCACATAAGAAATGTGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAT
SEQ ID_NO_222 CTGATTCACATAAGAAATGTGATACAAATGGTTAGCTCAATCAATGCAGAAAAGTTCAAC
SEQ ID_NO_220 CTGATTCACATAAGAAATGCGATACAAATGGTTAGTTCAGT CAATGCAGAAAAGTTCAAC
SEQ ID_NO_235CTGATTCACATAAGAAATGTGATACAAATGGT TAGCTCAATCAATGCAGAAAAGTTCAAC
SEQ ID_NO_225CTGATTCACATAAGAAATGTGATACAAATGGT TAGTTCAATCAATGCAGAAAAGTTCAAT
SEQ ID_NO_226 CTGATTCACATAAGAAATGTGATACAAATGGT TAGTTCAATCAATGCAGAAAAGTTCAAT
SEQ ID_NO_228 CTGATTCACATAAGAAATGTGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAT
SEQ ID_NO_227 CTGATTCACATAAGAAATGTGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAT
SEQ ID_NO_223 CTGATTCGCATAAGAAATGCGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAC
SEQ ID_NO_215CTGATTCACATAAGAAATGTGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAC
SEQ ID_NO_216 CTGATTCACATAAGAAATGTGATACAAATGGT TAGTTCAATCAATGCAGAAAAGTTCAAC
SEQ ID_NO_214 CTGATTCACATAAGAAATGTGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAC
SEQ ID_NO_233 CTGATTCACATAAGAAATGTGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAT
SEQ ID_NO_236 CTGATTCACATAAGAAATGCGATACAAATGGT TAGTTCAATCAATGCAGAAAAGTTCAAC
SEQ ID_NO_231 CTGATTCACATAAGAAATGTGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAT
SEQ ID_NO_229 CTGATTCACATAAGAAATGTGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAT
SEQ ID_NO_230 CTGATTCACATAAGAAATGTGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAT
SEQ ID_NO_232 CTGATTCACATAAGAAATGTGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAT
SEQ ID_NO_234 CTGATTCACATAAGAAATGCGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAC
SEQ ID_NO_218 CTGATTCACATAAGAAATGTGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAC
SEQ ID_NO_219 CTGATTCACATAAGAAATGTGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAC
SEQ ID_NO_217 CTGATTCACATAAGAAATGTGATACAAATGGT TAGTTCAATCAATGCAGAAAAGTTCAAC
SEQ ID_NO_221 CTGATTCACATAAGAAATGTGATACAAATGGTTAGCTCAATCAATGCAGAAAAGTTCAAC

SEQ ID_NO_224 CTGATTCACATAAGAAATGTGATACAAATGGTTAGTTCAATCAATGCAGAAAAGTTCAAT
P R L R T R T Y

SEQ ID_NO_213 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_222 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_220 AAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAACAGCATTCACATTCCTGG
SEQ ID_NO_235CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG

SEQ ID_NO_225CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
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SEQ ID_NO_226 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_228 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_227 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_223 AAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAACAGCATTCACATTCCTGG
SEQ ID_NO_215CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_216 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_214 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_233 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_236 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_231 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_229 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_230 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_232 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_234 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_218 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_219 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_217 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
SEQ ID_NO_221 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG

SEQ ID_NO_224 CAAATAAAATGGGCCCACTGCAGTCAATTAACAGGCATTCAATAGGATTCACATTCCTGG
B R R A et R T T T T2

SEQ ID_NO_213 GCTTCTATATATGGAAGTTTGCATACAATGTTTTGGAAATAAAATGAAATATAAATTGCT
SEQ ID_NO_222 GCTTCTATATATGGAAGTTTGCATACAAAGTTTTGGAAATAAAATGGAATATAAATTGCT
SEQ ID_NO_220 GCCTCTATATATGGAAGTTTGCATACAAAGTTTTGGAAATAAAATGGAATAGAAATTGCT
SEQ ID_NO_235GCTTCTATATATGGAAGTTTGCATACAAAGTTTTGGAAATAAAATGGAATAGAAATTGCT
SEQ ID_NO_225GCTTCTATATATGGAAGTTTGCATACAATGTTTTGGAAATAAAATGAAATATAAATTGCT
SEQ ID_NO_226 GCTTCTATATATGGAAGTTTGCATACAATGTT TTGGAAATAAAATGAAATATAAATTGCT
SEQ ID_NO_228 GCTTCTATATATGGAAGTTTGCATACAATGTTTTGGAAATAAAATGAAATATAAATTGCT
SEQ ID_NO_227GCTTCTATATATGGAAGTTTGCATACAATGTTTTGGAAATAAAATGAAATATAAATTGCT
SEQ ID_NO_223 GCCTCTATATATGGAAGTTTGCATACAAAGTTTTGGAAATAAAATGGAATAGAAATTGCT
SEQ ID_NO_215GCTTCTATATATGGAAGTTTGCATACAAAGTTTTTGAAATAAAATGGAATAGAAATTGCT
SEQ ID _NO_216 GCTTCTATATATGGAAGTTTGCATACAAAGTTTT TGAAATAAAATGGAATAGAAATTGCT
SEQ ID _NO_214 GCTTCTATATATGGAAGTTTGCATACAAAGTTTTTGAAATAAAATGGAATAGAAATTGCT
SEQ ID_NO_233 GCTTCTATATATGGAAGTTTGCATACAATGTTTTGGAAATAAAATGAAATATAAATTGCT
SEQ ID_NO_236 GCTTCTATATATGGAAGTTTGCATACAAAGTTTTGGAAATAAAATGGAATAGAAATTGCT
SEQ ID _NO_231GCTTCTATATATGGAAGTTTGCATACAATGTTTTGGAAATAAAATGAAATATAAATTGCT
SEQ ID_NO_229 GCTTCTATATATGGAAGTTTGCATACAATGTTTTGGAAATAAAATGAAATATAAATTGCT
SEQ ID_NO_230GCTTCTATATATGGAAGTTTGCATACAATGTTTTGGAAATAAAATGAAATATAAATTGCT
SEQ ID_NO_232 GCTTCTATATATGGAAGTTTGCATACAATGTTTTGGAAATAAAATGAAATATAAATTGCT
SEQ ID_NO_234 GCTTCTATATATGGAAGTTTGCATACAAAGTTTTGGAAATAAAATGGAATAGAAATTGCT
SEQ ID_NO_218 GCTTCTATATATGGAAGTTTGCATACAAAGTTTTTGAAATAAAATGGAATAGAAATTGCT

SEQ ID_NO_219 GCTTCTATATATGGAAGTTTGCATACAAAGTTTTTGAAATAAAATGGAATAGAAATTGCT

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

360

360

360

360

360

360
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360

360

360

360

360

360

360

360

360

360

360
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360
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SEQ ID_NO_217GCTTCTATATATGGAAGTTTGCATACAAAGTTTTTGAAATAAAATGGAATAGAAATTGCT
SEQ ID _NO_221GCTTCTATATATGGAAGTTTGCATACAAAGTTTTGGAAATAAAATGGAATATAAATTGCT

SEQ ID_NO_224 GCTTCTATATATGGAAGTTTGCATACAATGTTTTGGAAATAAAATGAAATATAAATTGCT
B R T T T T AR 2 A T T

SEQ ID_NO_213 TGCATTTAGTGTAAGTTAATACTCGCTCCCTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_222 TGCATTTAGTGTAAGTTAATACCCGCTCTGTTCTCGAATATTTGTCACCCGCTAGTTCAT
SEQ ID_NO_220 TGCATTTAGTGTAAGTTAATACCCGCTCCGTTCTCGAATATTTGTCGCCTGCTAGTTCAT
SEQ ID_NO_235TGCATTTAGTGTAAGTTAATACCCGCT-------------------------- AGTTCAT
SEQ ID_NO_225 TGCATTTAGTGTAAGTTAATACTCGCTCCCTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_226 TGCATTTAGTGTAAGTTAATACTCGCTCCCTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_228 TGCATTTAGTGTAAGTTAATACTCGCTCCCTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_227 TGCATTTAGTGTAAGTTAATACTCGCTCCCTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_223 TGCATTTAGTGTAAGTTAATACTCCATCCGTTCTTAAATATTTGTCGGCCGCTAGTTTAT
SEQ ID_NO_215 TGCATTTAGTGTAAGTTAATACTAGCTCCGTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_216 TGCATTTAGTGTAAGTTAATACTAGCTCCGTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_214 TGCATTTAGTGTAAGTTAATACTAGCTCCGTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_233 TGCATTTAGTGTAAGTTAATACTCGCTCCCTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID _NO_236 TGCATTTAGTGTAAGTTAATAC-------------------------- CCGCTAGTTCAT
SEQ ID_NO_231 TGCATTTAGTGTAAGTTAATACTCGCTCCCTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_229 TGCATTTAGTGTAAGTTAATACTCGCTCCCTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_230 TGCATTTAGTGTAAGTTAATACTCGCTCCCTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_232 TGCATTTAGTGTAAGTTAATACTCGCTCCCTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID _NO_234 TGCATTTAGTGTAAGTTAATAC-------------------------- CCGCTAGTTCAT
SEQ ID_NO_218 TGCATTTAGTGTAAGTTAATACTAGCTCCGTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_219 TGCATTTAGTGTAAGTTAATACTAGCTCCGTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_217 TGCATTTAGTGTAAGTTAATACTAGCTCCGTTCTCGAATATTTGTCGTCCGCTAGTTCAT
SEQ ID_NO_221 TGCATTTAGTGTAAGTTAATACCCGCTCTGTTCTCGAATATTTGTCACCCGCTAGTTCAT

SEQ ID_NO_224 TGCATTTAGTGTAAGTTAATACTCGCTCCCTTCTCGAATATTTGTCGTCCGCTAGTTCAT
IR R T HhKK KK

SEQ ID_NO_213 TTTTGAACTAAAACATGATAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGAGA
SEQ ID_NO_222 TTTTGAACTAAAACACGACAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGAGA
SEQ ID_NO_220 TTTTGAACTAAAACACGACAAATAAAAAAAACGGAAGGAGTACATGTTTGTAACAGGAGA
SEQ ID_NO_235TTTTTAACTAAAACACGACAAATAAAAAAAT- -GGAGGAGTACATCTTTGTAACAGGTGA
SEQ ID_NO_225TTTTGAACTAAAACATGATAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGAGA
SEQ ID_NO_226 TTTTGAACTAAAACATGATAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGAGA
SEQ ID_NO_228 TTTTGAACTAAAACATGATAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGAGA
SEQ ID_NO_227 TTTTGAACTAAAACATGATAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGAGA
SEQ ID_NO_223 TTTTGAACTAAAACACGACAAATAAAAAAAACGGAGGGAGTACATGTTTATAACAGGTGA
SEQ ID_NO_215TTTTGAACTAAAACACGACAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGTGA
SEQ ID_NO_216 TTTTGAACTAAAACACGACAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGTGA

SEQ ID_NO_214 TTTTGAACTAAAACACGACAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGTGA

360

360

360

420

420

420

394

420

420

420

420

420

420

420

420

420

394

420

420

420

420

394
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479
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479
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SEQ ID_NO_233 TTTTGAACTAAAACATGATAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGAGA
SEQ ID_NO_236 TTTTTAACTAAAACACGACAAATAAAAARAAT-GGA-GGAGTACATCTTTGTAACAGGTGA
SEQ ID_NO_231 TTTTGAACTAAAACATGATAAATAAAAAAAC-GGAAGGAGTACATGTTTGTAACAGGAGA
SEQ ID_NO_229 TTTTGAACTAAAACATGATAAATAAAAAAAC-GGAAGGAGTACATGTTTGTAACAGGAGA
SEQ ID_NO_230 TTTTGAACTAAAACATGATAAATAAAAAAAC-GGAAGGAGTACATGTTTGTAACAGGAGA
SEQ ID_NO_232 TTTTGAACTAAAACATGATAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGAGA
SEQ ID_NO_234 TTTTTAACTAAAACACGACAAATAAAAAAAT- -GGAGGAGTACATCTTTGTAACAGGTGA
SEQ ID_NO_218 TTTTGAACTAAAACACGACAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGTGA
SEQ ID_NO_219 TTTTGAACTAAAACACGACAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGTGA
SEQ ID_NO_217 TTTTGAACTAAAACACGACAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGTGA
SEQ ID_NO_221 TTTTGAACTAAAACACGACAAATAAAAAAAC-GGAAGGAGTACATGTTTGTAACAGGAGA

SEQ ID_NO_224 TTTTGAACTAAAACATGATAAATAAAAARAAC-GGAAGGAGTACATGTTTGTAACAGGAGA
FhKK KKK KK KKK KK Kk KR hkAAR* Rk KK * o kkKKKKkK KK khk KAKKKKK KK

SEQ ID_NO_213 GCCCATGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC
SEQ ID_NO_222 GCCCCTGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC
SEQ ID_NO_220 GCCCCTGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC
SEQ ID_NO_235GCC--TGAATACTTGTTTGTAGCAGGTGGGGCGCTAAGTATGCTTAGGAGAAGT TTAGGC
SEQ ID_NO_225GCCCATGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC
SEQ ID_NO_226 GCCCATGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC
SEQ ID_NO_228 GCCCATGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC
SEQ ID_NO_227 GCCCATGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC
SEQ ID_NO_223 GCC- --GAATACTTGGT TGTAACAGGTGGGGCGCTAAGTATGCTTAGGAGAACT TTAGGC
SEQ ID_NO_215GCCCCTGAATACTTGCTTGTAACAGGTGGAGCACTAAGTATGCTTAG- - -AACTTTAGGC
SEQ ID_NO_216 GCCCCTGAATACTTGCTTGTAACAGGTGGAGCACTAAGTATGCTTAG- - -AACTTTAGGC
SEQ ID_NO_214 GCCCCTGAATACTTGCTTGTAACAGGTGGAGCACTAAGTATGCTTAG- - -AACTTTAGGC
SEQ ID_NO_233 GCCCATGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC
SEQ ID_NO_236 GCC--TGAATACTTGTTTGTAGCAGGTGGGGCGCTAAGTATGCTTAGGAGAAGT TTAGGC
SEQ ID_NO_231 GCCCATGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC
SEQ ID_NO_229 GCCCATGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC
SEQ ID_NO_230 GCCCATGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC
SEQ ID_NO_232 GCCCATGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC
SEQ ID_NO_234 GCC--TGAATACTTGTTTGTAGCAGGTGGGGCGCTAAGTATGCTTAGGAGAAGT TTAGGC
SEQ ID_NO_218 GCCCCTGAATACTTGCTTGTAACAGGTGGAGCACTAAGTATGCTTAG- - -AACTTTAGGC
SEQ ID_NO_219 GCCCCTGAATACTTGCTTGTAACAGGTGGAGCACTAAGTATGCTTAG- - -AACTTTAGGC
SEQ ID_NO_217 GCCCCTGAATACTTGCTTGTAACAGGTGGAGCACTAAGTATGCTTAG- - -AACTTTAGGC
SEQ ID_NO_221 GCCCCTGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC

SEQ ID_NO_224 GCCCATGAATACTTGCTTGTAACAGGTGGAGCGCTAAGTATGCTTAGGAGAACT TTAGGC
* kK FRKKKKK KK KKk hk KAKRKAKH kh KARA AR KA AR K * Ak Hk kKKK KK

SEQ ID_NO_213 AACTTGTATTCTTTAGCACTTCGACGCAGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_222 AACTTGTATTCTTTAGCACTTCGACGCCGTTTGTATGGTAATATCTACTGATAGACAGAA

SEQ ID_NO_220AACTTGTATTCTTTAGCACTTCGACGCCGTTTGTATGGTAATATCTACTGATAGACAGAA
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452
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SEQ ID_NO_235AACTTGTATTCTGTAGCATTTCGACGCCGTTTGTATGGTAATATCTACTGATAGGCAGAA
SEQ ID_NO_225AACTTGTATTCTTTAGCACTTCGACGCAGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_226 AACTTGTATTCTTTAGCACTTCGACGCAGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_228 AACTTGTATTCTTTAGCACTTCGACGCAGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_227AACTTGTATTCTTTAGCACTTCGACGCAGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_223 AACTTGTATTCTGTAGCACTTCGACGCCGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_215AACTTGTATTCTTTAGCACTTCGACGCCGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_216 AACTTGTATTCTTTAGCACTTCGACGCCGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID _NO_214 AACTTGTATTCTTTAGCACTTCGACGCCGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_233 AACTTGTATTCTTTAGCACTTCGACGCAGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_236 AACTTGTATTCTGTAGCATTTCGACGCCGTTTGTATGGTAATATCTACTGATAGGCAGAA
SEQ ID_NO_231AACTTGTATTCTTTAGCACTTCGACGCAGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_229 AACTTGTATTCTTTAGCACTTCGACGCAGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_230AACTTGTATTCTTTAGCACTTCGACGCAGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_232 AACTTGTATTCTTTAGCACTTCGACGCAGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_234 AACTTGTATTCTGTAGCATTTCGACGCCGTTTGTATGGTAATATCTACTGATAGGCAGAA
SEQ ID _NO_218 AACTTGTATTCTTTAGCACTTCGACGCCGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_219 AACTTGTATTCTTTAGCACTTCGACGCCGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_217AACTTGTATTCTTTAGCACTTCGACGCCGTTTGTATGGTAATATCTACTGATAGACAGAA
SEQ ID_NO_221 AACTTGTATTCTTTAGCACTTCGACGCCGTTTGTATGGTAATATCTACTGATAGACAGAA

SEQ ID_NO_224 AACTTGTATTCTTTAGCACTTCGACGCAGTTTGTATGGTAATATCTACTGATAGACAGAA
B A R T S A T

SEQ ID _NO_213 TCCTGGTTTTGGA----TTTTTAATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID _NO_222 TCCTGGTTTTGGAATTTTTTTTTATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID _NO_220 TCCTGGTTTTGGAATTTTTTT--ATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID_NO_235TCCTGGTT---GGATTTTTTT------- TCCTGCTTTTGTTTACACCTATACAGTCCCAT

SEQ ID_NO_225TCCTGGTTTTGGA--TTTTTA--ATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID _NO_226 TCCTGGTTTTGGA--TTTTTA--ATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID_NO_228 TCCTGGTTTTGGA--TTTTTA--ATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID _NO_227 TCCTGGTTTTGGA--TTTTTA--ATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID_NO_223 TCCTGGTTTTTGG- - AAAAAA--AAAATTCCTGCTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID _NO_215TCCTGGTTTTGGATTTTTTTTTTATTTTTCCTGTTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID _NO_216 TCCTGGTTTTGGATTTTTTTTTTATTTTTCCTGTTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID NO_214 TCCTGGTTTTGGATTTTTTTTTTATTTTTCCTGTTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID_NO_233 TCCTGGTTTTGGATTTTTA----ATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT
SEQ ID NO_236 TCCTGGTT--GGATTTTT-------- TTTCCTGCTTTTGTTTACACCTATACAGTCCCAT
SEQ ID _NO_231 TCCTGGTTTTGGATTTTTA----ATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT
SEQ ID _NO_229 TCCTGGTTTTGGATTTTTA----ATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT
SEQ ID _NO_230 TCCTGGTTTTGGATTTTTA----ATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID _NO_232 TCCTGGTTTTGGATTTTTA----ATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT
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656
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SEQ ID_NO_234 TCCTGGTT--GGATTTTT-------- TTTCCTGCTTTTGTTTACACCTATACAGTCCCAT

SEQ ID _NO_218 TCCTGGTTTTGGATTTTTTTTTTATTTTTCCTGTTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID _NO_219 TCCTGGTTTTGGATTTTTTTTTTATTTTTCCTGTTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID _NO_217 TCCTGGTTTTGGATTTTTTTTTTATTTTTCCTGTTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID _NO_221 TCCTGGTTTTGGAATTTTTTTT-ATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT

SEQ ID_NO_224 TCCTGGTTTTGGA---TTTTTA-ATTTTTCCTGCTTTTGGT TACACCTCTACAGTCCCAT
Hok Kk kK * HRKKK Khkhhhk hhKKK KKK KKK AK KRR F Ak

SEQ ID_NO_213 ACTCGCAGTCCAATAGTACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_222 ACTCGCAGTCGAATAATACATGGTCTGATAATAAACCAATTA- - - AGGACTCATGTCTCA
SEQ ID_NO_220ACTCGCAGTCGAATAATACATGGTCTGATAATAAACCAATTAAG- - -GACTCATGTCTCA
SEQ ID_NO_235ACTCGCAGTCGAATAATACATGGTCTGATGATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_225ACTCGCAGTCCAATAGTACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_226 ACTCGCAGTCCAATAGTACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_228 ACTCGCAGTCCAATAGTACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_227ACTCGCAGTCCAATAGTACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_223 ACTCGCAGTCGAATAATACATGGTCTGATAATAAACCAATTAAG- - -GACTCATGTCTCA
SEQ ID_NO_215ACTCGCAGTCCAATAATACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_216 ACTCGCAGTCCAATAATACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_214 ACTCGCAGTCCAATAATACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_233 ACTCGCAGTCCAATAGTACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_236 ACTCGCAGTCGAATAATACATGGTCTGATGATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_231ACTCGCAGTCCAATAGTACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_229 ACTCGCAGTCCAATAGTACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_230ACTCGCAGTCCAATAGTACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_232 ACTCGCAGTCCAATAGTACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_234 ACTCGCAGTCGAATAATACATGGTCTGATGATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_218 ACTCGCAGTCCAATAATACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_219 ACTCGCAGTCCAATAATACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_217ACTCGCAGTCCAATAATACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
SEQ ID_NO_221 ACTCGCAGTCGAATAATACATGGTCTGATAATAAACCAATTAAG- - -GACTCATGTCTCA

SEQ ID_NO_224 ACTCGCAGTCCAATAGTACATGGTCTGATAATAAACCAATTAAGAAGGACTCATGTCTCA
FRKKKKKKKH KA hk AAKKRRA A RIhA K A A A A AR hhh ok FRK KK KK KK KK KK

SEQ ID NO 213 GTCATTA- — =« == = = = = = m oo
SEQ ID NO 222 GTCATTA- — = === == == == = = — o
SEQ ID NO 220 GTCATTA- — = === == == = = — o m
SEQ ID NO 235 GTCATTA- - =« == == == = = = m oo
SEQ ID NO 225 GTCATTA- — = === == == == = = m oo
SEQ ID NO 226 GTCATTA- — = === == == == = = m oo
SEQ ID NO 228 GTCATTA- — = === == == == == = = oo
SEQ ID NO 227 GTCATTA- « = === == == = = = m

SEQ ID NO 223 GTCATTA- « = === == == == = = m o
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SEQ ID NO 215 GTCATTAGGCTGTCTCCAACAACGTCCTCTATATTCATCCTCTATATCTGTCCTTTACAG
SEQ ID NO 216 GTCATTAGGCTGTCTCCAACAACGTCCTCTATATTCATCCTCTATATCTGTCCTTTACAG
SEQ ID NO 214 GTCATTAGGCTGTCTCCAACAACGTCCTCTATATTCATCCTCTATATCTGTCCTTTACAG
SEQ ID NO 233 GTCATTA- — = === == == = = = m o
SEQ ID NO 236 GTCATTA- — = === == == == = = m o
SEQ ID NO 231 GTCATTA- — - === == = = = m mm
SEQ ID NO 229 GTCATTA- — = === == == == == = m o
SEQ ID NO 230 GTCATTA- — - === == = = = = m o
SEQ ID NO 232 GTCATTA- — = === = == = = m m o
SEQ ID NO 234 GTCATTA- — = === == == = = mm mm
SEQ ID NO 218 GTCATTAGGCTGTCTCCAACAACGTCCTCTATATTCATCCTCTATATCTGTCCTTTACAG
SEQ ID NO 219 GTCATTAGGCTGTCTCCAACAACGTCCTCTATATTCATCCTCTATATCTGTCCTTTACAG
SEQ ID NO 217 GTCATTAGGCTGTCTCCAACAACGTCCTCTATATTCATCCTCTATATCTGTCCTTTACAG
SEQ ID NO 221 GTCATTA- — = === = = == = = m oo

SEQ ID NO 224 GTCATTA- — = === == == == = = m o
*kkkkk ok

SEQ ID NO 213 == = - = oo oo
SEQ ID NO 222 == = == = - = = oo
SEQ ID NO 220 == == == == == == o
SEQ ID NO 235 == == == = - = - = oo
SEQ ID NO 225 == == == == == = o o
SEQ ID NO 226 == == == == == == m o
SEQ ID NO 228 = == == == = - m oo
SEQ ID NO 227 == == == == = - = o o
SEQ ID NO 223 == < = - = - = m o
SEQ ID NO 215 TCTCCTCTAAAAAATTTCATCCTATATATCTCATTTCTCTCCAACAACGTCCTCTARATC
SEQ ID NO 216 TCTCCTCTAAAAAATTTCATCCTATATATCTCATTTCTCTCCAACAACGTCCTCTARATC
SEQ ID NO 214 TCTCCTCTAAAAAATTTCATCCTATATATCTCATTTCTCTCCAACAACGTCCTCTARATC
SEQ ID NO 233 == = = - = = o oo
SEQ ID NO 236 == == == == == == o m ot
SEQ ID NO 231 <= = = m o oo oo
SEQ ID NO 229 == = == == = o = oo
SEQ ID NO 230 == == == == == = o o
SEQ ID NO 232 == = == == = - = oo
SEQ ID NO 234 == == == == = - = oo
SEQ ID NO 218 TCTCCTCTAAAAAATTTCATCCTATATATCTCATTTCTCTCCAACAACGTCCTCTARATC
SEQ ID NO 219 TCTCCTCTAAAAAATTTCATCCTATATATCTCATTTCTCTCCAACAACGTCCTCTARATC
SEQ ID NO 217 TCTCCTCTAAAAAATTTCATCCTATATATCTCATTTCTCTCCAACAACGTCCTCTARATC
SEQ ID NO 221 == = = = o oo
SEQ ID NO 224 == == == == = = oo

SEQ TD_NO_ 213 === = = o == = o= oo o o o
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776
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TABLE 27-continued

SEQ ID NO 222 == = == = - = = oo
SEQ ID NO 220 == == == == == == o
SEQ ID NO 235 == == == = - = - = oo
SEQ ID NO 225 == == == == == = o o
SEQ ID NO 226 == == == == == == m o
SEQ ID NO 228 = == == == = - m oo
SEQ ID NO 227 == == == == = - = o o

SEQ ID_NO_ 223 === = == == == o = oo o o o e

SEQ ID _NO_215ACGTCCTCTATACTCAAATACTCATATTAAAGACATTTTTTAATTTTATTTTTTATACAT 896

SEQ ID _NO_216 ACGTCCTCTATACTCAAATACTCATATTAAAGACATTTTTTAATTTTATTTTTTATACAT 896

SEQ ID NO 214 ACGTCCTCTATACTCAAATACTCATATTAAAGACATTTTTTAATTTTATTTTTTATACAT 896
SEQ ID NO 233 == = = - = = o oo
SEQ ID NO 236 == == == == == == o m ot
SEQ ID NO 231 <= = = m o oo oo
SEQ ID NO 229 == = == == = o = oo
SEQ ID NO 230 == == == == == = o o
SEQ ID NO 232 == = == == = - = oo

SEQ ID_NO_ 234 === = == == == o= o o o o e

SEQ ID _NO_218 ACGTCCTCTATACTCAAATACTCATATTAAAGACATTTTTTAATTTTATTTTTTATACAT 896

SEQ ID _NO_219 ACGTCCTCTATACTCAAATACTCATATTAAAGACATTTTTTAATTTTATTTTTTATACAT 896

SEQ ID NO 217 ACGTCCTCTATACTCAAATACTCATATTAAAGACATTTTTTAATTTTATTTTTTATACAT 896
SEQ ID NO 221 == = = = o oo
SEQ ID NO 224 == == == == = = oo
SEQ ID NO 213 == = - = oo oo
SEQ ID NO 222 == = == = - = = oo
SEQ ID NO 220 == == == == == == o
SEQ ID NO 235 == == == = - = - = oo
SEQ ID NO 225 == == == == == = o o
SEQ ID NO 226 == == == == == == m o
SEQ ID NO 228 = == == == = - m oo
SEQ ID NO 227 == == == == = - = o o
SEQ ID NO 223 == < = - = - = m o
SEQ ID NO 215 ACGTAATTATCATACTCTCAAATGTATTGTGCATATTTTAGTTTTGCTAAACCGGTTATT 956
SEQ ID NO 216 ACGTAATTATCATACTCTCAAATGTATTGTGCATATTTTAGTTTTGCTAAACCGGTTATT 956
SEQ ID NO 214 ACGTAATTATCATACTCTCAAATGTATTGTGCATATTTTAGTTTTGCTAAACCGGTTATT 956
SEQ ID NO 233 == = = - = = o oo
SEQ ID NO 236 == == == == == == o m ot
SEQ ID NO 231 <= = = m o oo oo
SEQ ID NO 229 == = == == = o = oo

SEQ TD_NO_ 230 == == == = = == o = = o o o o e
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SEQ ID NO 232 == = == == = - = oo
SEQ ID NO 234 == == == == = - = oo
SEQ ID NO 218 ACGTAATTATCATACTCTCAAATGTATTGTGCATATTTTAGTTTTGCTAAACCGGTTATT
SEQ ID NO 219 ACGTAATTATCATACTCTCAAATGTATTGTGCATATTTTAGTTTTGCTAAACCGGTTATT
SEQ ID NO 217 ACGTAATTATCATACTCTCAAATGTATTGTGCATATTTTAGTTTTGCTAAACCGGTTATT
SEQ ID NO 221 == = = = o oo
SEQ ID NO 224 == == == == = = oo
SEQ ID NO 213 == = - = oo oo
SEQ ID NO 222 == = == = - = = oo
SEQ ID NO 220 == == == == == == o
SEQ ID NO 235 == == == = - = - = oo
SEQ ID NO 225 == == == == == = o o
SEQ ID NO 226 == == == == == == m o
SEQ ID NO 228 = == == == = - m oo
SEQ ID NO 227 == == == == = - = o o
SEQ ID NO 223 == < = - = - = m o
SEQ ID NO 215 TARAGTAGTCAAATGGATAGAGGACCGTTTAGAGAAACTCTATATATAGAGAATTCAGCA
SEQ ID NO 216 TARAGTAGTCAAATGGATAGAGGACCGTTTAGAGAAACTCTATATATAGAGAATTCAGCA
SEQ ID NO 214 TARAGTAGTCAAATGGATAGAGGACCGTTTAGAGAAACTCTATATATAGAGAATTCAGCA
SEQ ID NO 233 == = = - = = o oo
SEQ ID NO 236 == == == == == == o m ot
SEQ ID NO 231 <= = = m o oo oo
SEQ ID NO 229 == = == == = o = oo
SEQ ID NO 230 == == == == == = o o
SEQ ID NO 232 == = == == = - = oo
SEQ ID NO 234 == == == == = - = oo
SEQ ID NO 218 TARAGTAGTCAAATGGATAGAGGACCGTTTAGAGAAACTCTATATATAGAGAATTCAGCA
SEQ ID NO 219 TARAGTAGTCAAATGGATAGAGGACCGTTTAGAGAAACTCTATATATAGAGAATTCAGCA
SEQ ID NO 217 TARAGTAGTCAAATGGATAGAGGACCGTTTAGAGAAACTCTATATATAGAGAATTCAGCA
SEQ ID NO 221 == = = = o oo
SEQ ID NO 224 == == == == = = oo
SEQ ID NO 213 == = - = oo oo
SEQ ID NO 222 == = == = - = = oo
SEQ ID NO 220 == == == == == == o
SEQ ID NO 235 == == == = - = - = oo
SEQ ID NO 225 == == == == == = o o
SEQ ID NO 226 == == == == == == m o
SEQ ID NO 228 = == == == = - m oo
SEQ ID NO 227 == == == == = - = o o

SEQ ID_NO_ 223 === = == == == o = oo o o o e

956

956

956

1016

1016

1016

1016

1016

1016
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SEQ ID NO 215 GCGTCCTCTAAATTTAAAGGACCGTTTAGAGGACGTTGC TGGAGAGCGTAGAGGACCATT
SEQ ID NO 216 GCGTCCTCTAAATTTAAAGGACCGTTTAGAGGACGTTGC TGGAGAGCGTAGAGGACCATT
SEQ ID NO 214 GCGTCCTCTAAATTTAAAGGACCGTTTAGAGGACGTTGC TGGAGAGCGTAGAGGACCATT
SEQ ID NO 233 == = = - = = o oo
SEQ ID NO 236 == == == == == == o m ot
SEQ ID NO 231 <= = = m o oo oo
SEQ ID NO 229 == = == == = o = oo
SEQ ID NO 230 == == == == == = o o
SEQ ID NO 232 == = == == = - = oo
SEQ ID NO 234 == == == == = - = oo
SEQ ID NO 218 GCGTCCTCTAAATTTAAAGGACCGTTTAGAGGACGTTGC TGGAGAGCGTAGAGGACCATT
SEQ ID NO 219 GCGTCCTCTAAATTTAAAGGACCGTTTAGAGGACGTTGC TGGAGAGCGTAGAGGACCATT

SEQ ID_NO_217 GCGTCCTCTAAATTTAAAGGACCGTTTAGAGGACGT TGCTGGAGAGCGTAGAGGACCGTT

SEQ ID NO 221 == = = = o oo
SEQ ID NO 224 == == == == = = oo
SEQ ID NO 213 == < = m o m o m oo TG
SEQ ID NO 222 — = = = = - = o m oo TG
SEQ ID NO 220 == == == == == = oo TG
SEQ ID NO 235 == == == == == = oo TG
SEQ ID NO 225 == = == == == = oo TG
SEQ ID NO 226 == == == == == == o m o TG
SEQ ID NO 228 « = == = = - = o oo TG
SEQ ID NO 227 == = == == == = oo TG
SEQ ID NO 223 == = = = - = o oo TG

SEQ ID_NO_215TGGTCCTCTATATTTAGGGTAGAGAACCCTTTAGGGGGCCTTGTTGGAGCCAGCCTTATG
SEQ ID_NO_216 TGGTCCTCTATATTTAGGGTAGAGAACCCTTTAGGGGGCCTTGTTGGAGCCAGCCTTATG

SEQ ID_NO_214 TGGTCCTCTATATTTAGGGTAGAGAACCCTTTAGGGGGCCTTGTTGGAGCCAGCCTTATG

SEQ ID NO 233 == == m - m o m ot TG
SEQ ID NO 236 — === == == == == o m o TG
SEQ ID NO 231 <= - = m o o oo TG
SEQ ID NO 229 = = == = - = - = oo TG
SEQ ID NO 230 == = == == == = oo TG
SEQ ID NO 232 = == == = = - m o TG
SEQ ID NO 234 == == == = - = m o m TG

SEQ ID_NO_218 TGGTCCTCTATATTTAGGGTAGAGAACCCTTTAGGGGGCCTTGTTGGAGCCAGCCTTATG
SEQ ID_NO_219 TGGTCCTCTATATTTAGGGTAGAGAACCCTTTAGGGGGCCTTGTTGGAGCCAGCCTTATG
SEQ ID_NO_217 TGGTCCTCTATATTTAGGGTAGAGAACCCTTTAGGGGGCCTTGTTGGAGCCAGCCTTATG

SEQ ID_NO_ 221 == == === = = o o = oo m oo e TG

1076

1076

1076

1076

1076

1076

724

725

724

689

724

724

724

724

719

1136

1136

1136

724

689

724

724

724

724

689

1136

1136

1136

724
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SEQ ID NO 224 == == == == = - = oo TG 724
*x
SEQ ID NO 213 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTCCAGA- - - - 780
SEQ ID NO 222 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTTCAGA- - - - 781
SEQ ID NO 220 ACTTGAGCATAGGAGTTCAGATCGAGAAATATTTGAGTTGCAGCTTAAGGTTCAGA- - - - 780
SEQ ID NO 235 ACTTGAGCATAGGAGTTCAGATCGAGAAATATTTGAGTTGCAGCTTAAGGTTCAGA- - - - 745
SEQ ID NO 225 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTCCAGA- - - - 780
SEQ ID NO 226 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTCCAGA- - - - 780
SEQ ID NO 228 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTCCAGA- - - - 780
SEQ ID NO 227 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTCCAGA- - - - 780
SEQ ID NO 223 ACTTGAGCATAGGAGTTGAGATCGAGAAATATTTGAGTTACAGCTTAAGGTTCAGACTTC 779
SEQ ID NO 215 ACTTGAGCATAGGAGTTGAGATCAAGAAATATGTGAGTTGCAGCTTAAGGTTCAGA- - - - 1192
SEQ ID NO 216 ACTTGAGCATAGGAGTTGAGATCAAGAAATATGTGAGTTGCAGCTTAAGGTT CAGA- - - - 1192
SEQ ID NO 214 ACTTGAGCATAGGAGTTGAGATCAAGAAATATGTGAGTTGCAGCTTAAGGTTCAGA- - - - 1192
SEQ ID NO 233 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTCCAGA- - - - 780
SEQ ID NO 236 ACTTGAGCATAGGAGTTCAGATCGAGAAATATTTGAGTTGCAGCTTAAGGTT CAGA- - - - 745
SEQ ID NO 231 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTCCAGA- - -- 780
SEQ ID NO 229 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTCCAGA- - - - 780
SEQ ID NO 230 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTCCAGA- - -- 780
SEQ ID NO 232 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTCCAGA- - - - 780
SEQ ID NO 234 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTCCAGA- - - - 745
SEQ ID NO 218 ACTTGAGCATAGGAGTTGAGATCAAGAAATATGTGAGTTGCAGCTTAAGGTTCAGA- - - - 1192
SEQ ID NO 219 ACTTGAGCATAGGAGTTGAGATCAAGAAATATGTGAGTTGCAGCTTAAGGTTCAGA- - - - 1192
SEQ ID NO 217 ACTTGAGCATAGGAGTTGAGATCAAGAAATATGTGAGTTGCAGCTTAAGGTTCAGA- - - - 1192
SEQ ID NO 221 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTTCAGA- - -- 780
SEQ ID NO 224 ACTTGAGCATAGGAGTTGAGATCAAGAAATATTTGAGTTGCAGCTTAAGGTCCAGA- - - - 780
Khkhkkkkhhkhkhkhkhkhhkdhhd hhkhkdhk *rhhkhhkkhdkd F*hkhkdhhdk *hhkrkhkhkdhddd *hkhx
SEQ ID NO 213 -- -GAGGAAATCCCCATACACTTGCTTGTAACGGTATGAATGTATGATCATTTTTTTTTC 837
SEQ ID NO 222 ---GAGGARATCCCCATACACGTGCTTGTAACGGTATGGTCAT - - - - - - - TTTTTTTTTC 831
SEQ ID NO 220 - - -GAGGAAACCCCCATACACTTGCTTGTAACGGT - - - - - - - - ATGATCATTTTTTTT-G 828
SEQ ID NO 235 -- -GAGGAAATCCC- ATACACTTGCTTGTAACGAT- - - - - - - - ATGATCATTTTTTTT-C 792
SEQ ID NO 225 - - -GAGGAAATCCCCATACACTTGCTTGTAACGGTATGAATGTATGATCATTTTTTTTTC 837
SEQ ID NO 226 - - -GAGGAAATCCCCATACACTTGCTTGTAACGGTATGAATGTATGATCATTTTTTTTTC 837
SEQ ID NO 228 -- -GAGGAAATCCCCATACACTTGCTTGTAACGGTATGAATGTATGATCATTTTTTTTTC 837
SEQ ID NO 227 -- -GAGGAAATCCCCATACACTTGCTTGTAACGGTATGAATGTATGATCATTTTTTTTTC 837
SEQ ID NO 223 AGAGAGGAAATCCCCATACACTTGCTTGTAACGGT-------- ATGATCATTTTTTTT-C 830
SEQ ID NO 215 -- -GAGGAAATCCCCATACACTTGCTTGTAACGGT - - - - - - - - ATGATCATATCTTTT-C 1240
SEQ ID NO 216 - - -GAGGARATCCCCATACACTTGCTTGTAACGGT - - - - - - - - ATGATCATATCTTTT-C 1240
SEQ ID NO 214 -- -GAGGAAATCCCCATACACTTGCTTGTAACGGT- - - - - - - - ATGATCATATCTTTT-C 1240
SEQ ID NO 233 ---GAGGAAATCCCCATACACTTGCTTGTAACGGTATGAATGTATGATCATTTTTTTTTC 837
SEQ ID NO 236 -- -GAGGARATCCC- ATACACTTGCTTGTAACGAT- - - - - - - - ATGATCATTTTTTTT-C 792
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SEQ ID_NO_231 ---GAGGAAATCCCCATACACTTGCTTGTAACGGTATGAATGTATGATCATTTTTTTTTC
SEQ ID_NO_229 ---GAGGAAATCCCCATACACTTGCTTGTAACGGTATGAATGTATGATCATTTTTTTTTC
SEQ ID_NO_230 ---GAGGAAATCCCCATACACTTGCTTGTAACGGTATGAATGTATGATCATTTTTTTTTC
SEQ ID_NO_232 ---GAGGAAATCCCCATACACTTGCTTGTAACGGTATGAATGTATGATCATTTTTTTTTC

SEQ ID_NO_234 ---GAGGAAATCCCCATACACTTGCTTGTAACGGTATGAATGTATGATCATTTTTTTTTC

SEQ ID_NO_218 ---GAGGAAATCCCCATACACTTGCTTGTAACGGT-------- ATGATCATATCTTTT-C
SEQ ID_NO_219 ---GAGGAAATCCCCATACACTTGCTTGTAACGGT-------- ATGATCATATCTTTT-C
SEQ ID_NO_217 ---GAGGAAATCCCCATACACTTGCTTGTAACGGT-------- ATGATCATATCTTTT-C
SEQ ID_NO_221 ---GAGGAAATCCCCATACACGTGCTTGTAACGGTATGG-------- TCATTTTTTTTTC

SEQ ID_NO_224 ---GAGGAAATCCCCATACACTTGCTTGTAACGGTATGAATGTATGATCATTTTTTTTTC
HAKKK KK kkk KkkKKkh KAKAAKRAKKKK K * ok kk kK

SEQ ID_NO_213 AAGGTAACATTTTCTAGCATCTTCACCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_222 AAGGTAACATTTTCTAGCATCTTCAGCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_220 AAGGTAACATTTTCTAGCATCTTCAGCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_235AAGGTAACATTTTCTAGCATCTTCAGCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_225AAGGTAACATTTTCTAGCATCTTCACCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_226 AAGGTAACATTTTCTAGCATCTTCACCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_228 AAGGTAACATTTTCTAGCATCTTCACCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_227 AAGGTAACATTTTCTAGCATCTTCACCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_223 AAGGTAACATTTTCTAGCATCTTCACCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_215AAGGTAACATTTTCTAGCATCTTCAGCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_216 AAGGTAACATTTTCTAGCATCTTCAGCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_214 AAGGTAACATTTTCTAGCATCTTCAGCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_233 AAGGTAACATTTTCTAGCATCTTCACCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_236 AAGGTAACATTTTCTAGCATCTTCAGCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_231AAGGTAACATTTTCTAGCATCTTCACCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_229 AAGGTAACATTTTCTAGCATCTTCACCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_230AAGGTAACATTTTCTAGCATCTTCACCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_232 AAGGTAACATTTTCTAGCATCTTCACCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_234 AAGGTAACATTTTCTAGCATCTTCACCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_218 AAGGTAACATTTTCTAGCATCTTCAGCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_219 AAGGTAACATTTTCTAGCATCTTCAGCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_217 AAGGTAACATTTTCTAGCATCTTCAGCTGTCTACTTGACTGAATGCAGTATATATTAGTT
SEQ ID_NO_221 AAGGTAACATTTTCTAGCATCTTCAGCTGTCTACTTGACTGAATGCAGTATATATTAGTT

SEQ ID_NO_224 AAGGTAACATTTTCTAGCATCTTCACCTGTCTACTTGACTGAATGCAGTATATATTAGTT
B R I R S R T T T

SEQ ID_NO_213 GTAATAACTACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_222 GTAATAAATACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_220 GTAATAAATACTGCCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_235GTAATAAATACTGCCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT

SEQ ID_NO_225GTAATAACTACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT

837

837

837

837

802

1240

1240

1240

829

837

897

891

888

852

897

897

897

897

890

1300

1300

1300

897

852

897

897

897

897

862

1300

1300

1300

889

897

957

951

948

912

957
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SEQ ID_NO_226 GTAATAACTACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_228 GTAATAACTACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_227 GTAATAACTACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_223 GTAATAAATACTGCTCTTCTGCTGTGCAGAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_215GTAATAAATACTGCCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_216 GTAATAAATACTGCCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_214 GTAATAAATACTGCCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_233 GTAATAACTACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_236 GTAATAAATACTGCCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_231GTAATAACTACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_229 GTAATAACTACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_230 GTAATAACTACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_232 GTAATAACTACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_234 GTAATAACTACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_218 GTAATAAATACTGCCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_219 GTAATAAATACTGCCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_217 GTAATAAATACTGCCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
SEQ ID_NO_221 GTAATAAATACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT

SEQ ID_NO_224 GTAATAACTACTGGCCTTCTGCTGTGCACAAAAGGCGGGTATTACCACTTGCAGAAATTT
B R R R R T T

SEQ ID_NO_213 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_222 GTCGGGTCAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTCATCAGGAACACCTGGAG
SEQ ID_NO_220 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTCATCAGGAACACCTGGAG
SEQ ID_NO_235GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTCATCAGGAACACCTGGAG
SEQ ID_NO_225GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_226 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_228 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_227 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_223 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTCATCAGGAACACCTGGAG
SEQ ID_NO_215GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_216 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_214 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_233 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_236 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTCATCAGGAACACCTGGAG
SEQ ID_NO_231 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_229 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_230 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_232 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_234 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG

SEQ ID_NO_218 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG

957

957

957

950

1360

1360

1360

957

912

957

957

957

957

922

1360

1360

1360

949

957

1017

1011

1008

972

1017

1017

1017

1017

1010

1420

1420

1420

1017

972

1017

1017

1017

1017

982

1420
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SEQ ID_NO_219 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_217 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
SEQ ID_NO_221 GTCGGGTCAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG

SEQ ID_NO_224 GTCGGGTAAAGGTAATTGCCAGTTACCTTGTGTTCTTCCCTTGATCAGGAACACCTGGAG
B R R R S R T T T

SEQ ID_NO_213 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_222 GAGGATGCGCTGTGGTTGAACTGAAGCCGCCCTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_220 GAGGATGCGCTGTGGTTGAACTGAAGCC- - - CTGCGAGAGAAGTACTGATGACAGAAAGA
SEQ ID_NO_235GAGGATGCGCTGTGGTTGAACTGAAGCC- - - CTGCGAGAGAAGTACTGATGACAGAAAGA
SEQ ID_NO_225 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_226 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_228 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_227 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_223 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_215 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_216 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_214 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_233 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_236 GAGGATGCGCTGTGGTTGAACTGAAGCC- - - CTGCGAGAGAAGTACTGATGACAGAAAGA
SEQ ID_NO_231 GAGGATGCGCTGTGGTTGAACCGAAGCC- - -CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_229 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_230 GAGGATGCGCTGTGGTTGAACCGAAGCC- - -CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_232 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_234 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_218 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_219 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_217 GAGGATGCGCTGTGGTTGAACCGAAGCC- - - CTGTGAGCGAAGTACTGATGACAGAAAGA
SEQ ID_NO_221 GAGGATGCGCTGTGGTTGAACTGAAGCCGCCCTGTGAGCGAAGTACTGATGACAGAAAGA

SEQ ID_NO_224 GAGGATGCGCTGTGGTTGAACCGAAG- - - CCCTGTGAGCGAAGTACTGATGACAGAAAGA
R R T R T Hhk hkk Kk KKK KRKKKK AR KK KRR * ok

SEQ ID_NO_213 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_222 GCGGAAGATAAGATAAGAAAGGAA-CGCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_220 GCGGAAGATAAGATAAGAAAGGAAACCCTTGCGCGGCAGGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_235 GCGGAAGATAAGATAAGAAAGGAAACCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_225 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_226 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_228 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_227 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_223 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_215 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG

SEQ ID_NO_216 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG

1420

1420

1009

1017

1074

1071

1065

1029

1074

1074

1074

1074

1067

1477

1477

1477

1074

1029

1074

1074

1074

1074

1039

1477

1477

1477

1069

1074

1133

1130

1125

1089

1133

1133

1133

1133

1126

1536

1536
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SEQ ID_NO_214 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_233 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_236 GCGGAAGATAAGATAAGAAAGGAAACCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_231 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_229 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_230 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_232 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_234 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_218 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_219 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_217 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
SEQ ID_NO_221 GCGGAAGATAAGATAAGAAAGGAA-CGCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG

SEQ ID_NO_224 GCGGAAGATAAGATAAGAAAGGAA-CCCTTGCGCGGCAAGGCCTGGTGACATAGAGGTAG
B R A R T T

SEQ ID_NO_213 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_222 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGT TCGAGGCCTGTGCTTTTCTTGCCCTGTT
SEQ ID_NO_220 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_235 TG-CGAGGCTCATACCGCCG- - - CTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_225 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGT TCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_226 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGT TCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_228 TGGCGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_227 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGT TCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_223 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_215 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_216 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_214 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_233 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCSAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_236 TG-CGAGGCTCATACCGCC- - -GCTGGCAGGT TCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_231 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_229 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_230 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_232 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_234 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_218 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_219 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_217 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGT TCCAGGCCTGTGCTTTTCTTGCCCTGTA
SEQ ID_NO_221 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCGAGGCCTGTGCTTTTCTTGCCCTGTA

SEQ ID_NO_224 TG-CGAGGCTCATACCGCCGCCGCTGGCAGGTTCCAGGCCTGTGCTTTTCTTGCCCTGTA
Hh kkkKKKKRKK KKK KK HRK KK KK KK IK KA KK KK KR RK AR KRR AR A A AR KKK

SEQ ID_NO_213 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA

SEQ ID_NO_222 TCCCCATTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA

1536

1133

1089

1133

1133

1133

1133

1098

1536

1536

1536

1128

1133

1192

1189

1184

1145

1192

1192

1193

1192

1185

1595

1595

1595

1192

1145

1192

1192

1192

1192

1157

1595

1595

1595

1187

1192

1252

1249
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SEQ ID_NO_220 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCGTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_235TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_225 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_226 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_228 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_227 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_223 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_215 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_216 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_214 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_233 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCGTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_236 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_231 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_229 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_230 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_232 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_234 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_218 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_219 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_217 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
SEQ ID_NO_221 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA

SEQ ID_NO_224 TCCCCAGTCTATACTTCTGCGCACATCAGACGAGCCTCAGTGTTTCGGCACAGTGGTGCA
B A R R T T

SEQ ID_NO_213 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_222 ACAAAAAA-AGAGAGTGCTGG- - - - TAGGTAACCCTNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_220 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_235ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_225ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_226 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_228 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_227 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_223 ACAGAAAA-GGAGAGTGCTGC- - - -TA- - - -ACGCTGAGGCGGTGAAGAAAGAGAGGTCG
SEQ ID_NO_215ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_216 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_214 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_233 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_236 ACAGAAAAAGGAGAGTGCTGGACTGCTGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_231ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_229 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_230ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA

SEQ ID_NO_232 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA

1244

1205

1252

1252

1253

1252

1245

1655

1655

1655

1252

1205

1252

1252

1252

1252

1217

1655

1655

1655

1247

1252

1307

1304

1299

1260

1307

1307

1308

1307

1296

1710

1710

1710

1307

1265

1307

1307

1307

1307
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SEQ ID_NO_234 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_218 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_219 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_217 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
SEQ ID_NO_221 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA

SEQ ID_NO_224 ACAGAAAA-GGAGAGTGCTGG- - - - TAGGTAACGCTGAGGCGGTGAAGAAAGAGAGGT CA
Kk kkkk kKK KAAK KKK *k kK

SEQ ID_NO_213 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_222 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_220 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_235GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_225 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_226 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_228 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_227 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_223 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_215GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_216 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_214 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_233 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_236 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_231 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_229 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_230 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_232 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_234 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_218 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_219 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_217 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_221 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_224 GACGGACCTGGAGGTGGCTTTTTAACTGGTAAAGAGTGAGGTCTTTCATGCCCATCAATC
SEQ ID_NO_213 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_222 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_220 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_235 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_225 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_226 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_228 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_227 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC

SEQ ID_NO_223 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC

1272

1710

1710

1710

1302

1307

1367

1364

1359

1320

1367

1367

1368

1367

1356

1770

1770

1770

1367

1325

1367

1367

1367

1367

1332

1770

1770

1770

1362

1367

1427

1424

1419

1380

1427

1427

1428

1427

1416
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SEQ ID_NO_215 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_216 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_214 TGAGCACCGACTTGGGTGTTGCTCCTGTTCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_233 TGAGCACCGACTTGGGTGTTGCTTCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_236 TGAGCACCGACTTGGGTGTTGCTTCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_231 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_229 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_230 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_232 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_234 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_218 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_219 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_217 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_221 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_224 TGAGCACCGACTTGGGTGTTGCTCCTGT TCGCAGGAAGCACAAGAAATGGTCAGTACTCC
SEQ ID_NO_213 ACACCATAAGCATGTCGGTGGTGTGT TGGANNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_222 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_220ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_235ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_225ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_226 ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_228 ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_227 ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_223 ACAGCGTAGGCATGTCGGTG- - - TGTTCGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_215ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_216 ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_214 ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_233 ACAGCGTAGGCATGTCGGTG- - - TGTTCGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_236 ACAGCGTAGGCATGTCGGTG- - - TGTTCGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_231ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_229 ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_230ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_232 ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_234 ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_218 ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_219 ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA
SEQ ID_NO_217 ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_221 ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_224 ACAGCGTAGGCATGTCGGTGGTGTGT TGGAGGAGGCAAGATTCAGATGATTATTATATGA

SEQ ID_NO_213 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

1830

1830

1830

1427

1385

1427

1427

1427

1427

1392

1830

1830

1830

1422

1427

1487

1484

1479

1440

1487

1487

1488

1487

1473

1890

1890

1890

1484

1442

1487

1487

1487

1487

1452

1890

1890

1890

1482

1487

1547
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SEQ ID_NO_222 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_220 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGAAATTGCA
SEQ ID_NO_235GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_225GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGRAATTGCA
SEQ ID_NO_226 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGRAATTGCA
SEQ ID_NO_228 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_227 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_223 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGGTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_215GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_216 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_214 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_233 GCTCGAAAAGCTAGAGAATGGATGTTCAGACTTGAGATCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_236 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGATCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_231 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_229 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGATATGAATTGCA
SEQ ID_NO_230 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_232 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_234 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_218 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_219 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGGAATTGCA
SEQ ID_NO_217 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_221 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_224 GCTCGAAAAGCTAGAGAATGGATGTTCAGACT TGAGAGCTCTGATTTGAGAGRAATTGCA
SEQ ID_NO_213 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN - NNNNNNNNNNNNNNNNNN

SEQ ID_NO_222 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN - NNNNNNNNNNNNNNNNNN

SEQ ID _NO_220 CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTT -CCAGAGGTTTTTTTTTTTT TTNNNNNN

SEQ ID_NO_235CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTT -CCAGAGGTTTTTTTTTTTT TTNNNNNN

SEQ ID_NO_225CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTT -CCAGAGGTTTTTTTTTTTT TTNNNNNN

SEQ ID_NO_226 CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTTTCCAGAGGTTTTTTTTT TTT TNNNNNNN

SEQ ID_NO_228 CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTT -CCAGAGGTTTTTTTTTTTTTT TT TNNN

SEQ ID_NO_227 CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTT -CCAGAGGTTTTTTTTTTTT TTNNNNNN
SEQ ID_NO_223 CTTGTCGTTTTCCCAGGGCGACGCGGCCTTTTTCCAGAGGCTTTTTTTT TNNNNNNNNNN
SEQ ID_NO_215CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTTTCCAGAGTT -TTTTTTT TTNNNNNNNNN
SEQ ID_NO_216 CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTTTCCAGAGTT -TTTTTTT TNNNNNNNNNN
SEQ ID_NO_214 CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTTTCCAGAGTT-TTTTTTT TTNNNNNNNNN
SEQ ID_NO_233 CTTGTCGTTTTCCCAGGGCGACGCGGCCTTTTTCCAGAGGCATTTTTTTTCAACTGCCTT
SEQ ID_NO_236 CTTGTCGTTTTCCCARGGCGACGCGGCCTTTTTCCAGAGGCATTTTTTT TCANNNNNNNN
SEQ ID_NO_231CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTTTCCAGAGTTTTTTTTTT TNNNNNNNNNN
SEQ ID_NO_229 CTTGTCGTTTTCCCAAGGCGACACGGCCTTTTTCCAGAGTTTTTTTTTT TTNNNNNNNNN

SEQ ID_NO_230 CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTTTCCAGAGGCTTTTTTTT TTNNNNNNNNN

1544

1539

1500

1547

1547

1548

1547

1533

1950

1950

1950

1544

1502

1547

1547

1547

1547

1512

1950

1950

1950

1542

1547

1606

1603

1598

1559

1606

1607

1607

1606

1593

2009

2009

2009

1604

1562

1607

1607

1607
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SEQ ID_NO_232 CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTTTCCAGAGGCTTTTTTTT TTNNNNNNNNN
SEQ ID_NO_234 CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTTTCCAGAGTT-TTTTTTT TTNNNNNNNNN
SEQ ID_NO_218 CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTTTCCAGAGTT-TTTTTTTTTT TNNNNNNN
SEQ ID_NO_219 CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTTTCCAGAGTT-TTTTTTTTTT TNNNNNNN
SEQ ID_NO_217 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN - NNNNNNNNNNNNNNNNNN
SEQ ID_NO_221 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_224 CTTGTCGTTTTCCCAAGGCGACGCGGCCTTTTTCCAGAGGTTTTTTTTT TTTNNNNNNNN
SEQ ID_NO_213 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_222 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_220 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_235 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_225 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_226 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_228 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_227 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_223 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_215 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_216 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_214 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_233 TTGGTCATGTCAACGGAACTGCCTTTTCCTCTGACTGCATGCTATAGACTTGGCAATGGC
SEQ ID_NO_236 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_231 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_229 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_230 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_232 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_234 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_218 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_219 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_217 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_221 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_224 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_213 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_222 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_220 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_235 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_225 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_226 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_228 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_227 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

SEQ ID_NO_223 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

1607

1571

2009

2009

2009

1602

1607

1666

1663

1658

1619

1666

1667

1667

1666

1653

2069

2069

2069

1664

1622

1667

1667

1667

1667

1631

2069

2069

2069

1662

1667

1726

1723

1718

1679

1726

1727

1727

1726

1713
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SEQ ID_NO_215 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_216 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_214 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_233 AGAAGCGCAAAGCCAGGCAGCGAAGGATTCGGACTGCAACTGGCCGTCGTTT TACAANNN
SEQ ID_NO_236 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_231 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_229 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_230 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_232 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_234 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_218 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_219 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_217 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_221 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

SEQ ID_NO_224 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
* kK

SEQ ID_NO_213 NNNNNNNNNNNAAAAAAAAAAAAAAAAARAAGAATGCACACCGACATGCTCTGTAGCACAA
SEQ ID_NO_222 NNNNNNNNNNNNAAAAAAAAAAAAAAAARAGAATGCAGACCGACATGCTCTGTAGCACAA
SEQ ID_NO_220 NNNNNNNNNNNNNNNNNNNNNCTGAAAAAAAAATGCACACCGACATGCTCTGTAGCACAA
SEQ ID_NO_235NNNNNNNNNNNNNNNNNNNNNNTGAAAAAAAAATGCACACCGACATGCTCTGTAGCACAA
SEQ ID_NO_225NNNNNNNNNNNNNNNNNNNNNNTGAAAAAAAAATGCACACCGACATGCTCTGTAGCACAA
SEQ ID_NO_226 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
SEQ ID_NO_228 NNNNNNNNNNNNNNNNNNNNNNNNAAAAAAAAATGCACACCGACATGCTCTGTAGCACAA
SEQ ID_NO_227 NNNNNNNNNNNNNNNNNNNNNNTGAAAAAAAAATGCACACCGACATGCTCTGTAGCACAA
SEQ ID_NO_223 NNNNNNNNNNNNNNNAAAAAAA-AAAAARAAGAATGCAGACCGACATGCTCTGTAGCACAA
SEQ ID_NO_215NNNNNNNNNNAAAAAAAAAAAAAAAAAARAAGAATGCACACCGACATGCTCTGTAGCACAA
SEQ ID_NO_216 NNNNNNNNNNNNNNAAAAAAAAAAAAAARAGAATGCACACCGACATGCTCTGTAGCACAA
SEQ ID_NO_214 NNNNNNNNNNNNNAAAAAAAAAAAAAAARAGAATGCACACCGACATGCTCTGTAGCACAA
SEQ ID_NO_233 NNNNNNNNNNNNNNNNNNNNAAAAAAAAAAGAATGCAGACCGACATGCTCTGTAGCACAA
SEQ ID_NO_236 NNNNNNNNNNNTNNNNNNNGAAAAAAAARAAGAATGCAGACCGACATGCTCTGTAGCACAA
SEQ ID_NO_231 NNNNNNNNNNNNNAAAAAAAAAAAAAAARAGAATGCACACCGACATGCTCTGTAGCACAA
SEQ ID_NO_229 NNNNNNNNNNNNNNNNNNAAAAAAAAAARAAGAATGCACACCGACATGCTCTGTAGCACAA
SEQ ID_NO_230 NNNNNNNNNNNNNNNNAAAAAAAAAAAARAAGAATGCAGACCGACATGCTCTGTAGCACAA
SEQ ID_NO_232 NNNNNNNNNNNNNNNAAAAAAAAAAAAARAGAATGCAGACCGACATGCTCTGTAGCACAA
SEQ ID_NO_234 NNNNNNNNNNNNNNNNNAAAAAAAAAAARAAGAATGCAGACCGACATGCTCTGTAGCACAA
SEQ ID_NO_218 NNNNNNNNNNNNNNNAAAAAAAAAAAAAAAGAATGCAGACCGACATGCTCTGTAGCACAA
SEQ ID_NO_219 NNNNNNNNNNNNNNAAAAAAAAAAAAAARAGAATGCAGACCGACATGCTCTGTAGCACAA
SEQ ID_NO_217 NNNNNNNNNNNNNNAAAAAAAAAAAAAARAGAATGCAGACCGACATGCTCTGTAGCACAA

SEQ ID_NO_221 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

2129

2129

2129

1724

1682

1727

1727

1727

1727

1691

2129

2129

2129

1722

1727

1786

1783

1778

1739

1786

1787

1787

1786

1772

2189

2189

2189

1784

1742

1787

1787

1787

1787

1751

2189

2189

2189

1782
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SEQ ID_NO_224 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
Fk kKKK KK KK

SEQ ID_NO_213 GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_222 GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_220 GCACCATACCGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_235GCACCATACCGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCCCTTGGTGTCGGA
SEQ ID_NO_225 GCACCATACCGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_226 NNNNNNNNNNNNNNNNNNGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_228 GCACCATACCGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_227 GCACCATACCGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_223 GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_215GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_216 GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_214 GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_233 GCACCATACTTGCGAACTGCAGAGGTGTCGGGTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_236 GCACCATACTTGCGAACTGCAGAGGTGTCGGGTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_231 GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_229 GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_230 GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_232 GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_234 GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_218 GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_219 GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_217 GCACCATACTGGCGAACTGGAGAGGTCTCGGCTCATCAAGCAATCGCC- TTGGTGTCGGA
SEQ ID_NO_221 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

SEQ ID_NO_224 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

SEQ ID_NO_213 CGGGGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGGG----~---
SEQ ID_NO_222 CGGGGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGGG----~---
SEQ ID_NO_220 CGGGGT----- CATCAAGACAAGGCGACTAGAGGAGCACTACATCTACACGGGGTGAACG
SEQ ID_NO_235CGGGGT----- CATCAAGACAAGGCGACTAGAGGAGCACTACATCTACACGGGGTGAACG
SEQ ID_NO_225CGGGGT----- CATCAAGACAAGGCGACTAGAGGAGCACTACATCTACACGGGGTGAACG
SEQ ID_NO_226 CGGGGT----- CATCAAGACAAGRCGACTAGAGGAGCACTACATCTACACGGGGTGAACG
SEQ ID_NO_228 CGGGGT----- CATCAAGACAAGGCGACTAGAGGAGCACTACATCTACACGGGGTGAACG
SEQ ID_NO_227 CGGGGT----- CATCAAGACAAGGCGACTAGAGGAGCACTACATCTACACGGGGTGAACG
SEQ ID_NO_223 CGGGGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGGGA------
SEQ ID_NO_215CGGGGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGGG----~---
SEQ ID_NO_216 CGGGGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGGG----~---
SEQ ID_NO_214 CGGGGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGGG----~---

SEQ ID_NO_233 CGGGGTGGGGTCATCAAGACAAGACGACTAGAGGAGCACTACATCTACACGGGG---- -~

SEQ ID_NO_236 CGGGGTGGGGTCATCAAGACAAGACGACTAGAGGAGCACTACATCTACACGGGG---- -~

1787

1845

1842

1837

1799

1845

1846

1846

1845

1831

2248

2248

2248

1843

1801

1846

1846

1846

1846

1810

2248

2248

2248

1842

1847

1893

1890

1892

1854

1900

1901

1901

1900

1880

2296

2296

2296

1897

1855
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SEQ ID NO 231 CGEGEGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGEG- - - - - - - 1894
SEQ ID NO 229 CGGEGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGEG- - - - - - - 1894
SEQ ID NO 230 CGGEGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGEG- - - - - - - 1894
SEQ ID NO 232 CGGEGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGEG- - - - - - - 1894
SEQ ID NO 234 CGGEGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGEG- - - - - - - 1858
SEQ ID NO 218 CEGEGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGEG- - - - - - - 2296
SEQ ID NO 219 CGGEGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGEG- - - - - - - 2296
SEQ ID NO 217 CGGEGT----- CATCAAGACAAGACGACTAGACGAGCACTACATATAGACGEG- - - - - - - 2296
SEQ ID NO 221 NNNNNN----- NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN - - - - - - 1891
SEQ ID NO 224 NNNNNN----- NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN - - - - - - 1896
SEQ ID NO 213 - - - mmmmmmmmmmm oo oo N 1896
SEQ ID NO 222 - == --mmmmmmmmmmm oo oo N 1893
SEQ ID NO 220 GACGGEAGCAGTGECEGACCCAGGAACTGATGACAGCCT TGGCGAGAATACGATATGATC 1952
SEQ ID NO 235 GACGGEAGCAGTGECEGACCCAGGAACTGATGACAGCCT TGGCGAGAATACGATATGATC 1914
SEQ ID NO 225 GACGGEAGCAGTGECEGACCCAGGAACTGATGACAGCCT TGGCGAGAATACGATATGATC 1960
SEQ ID NO 226 GACGGEAGCAGTGECEGACCCAGGAACTGATGACAGCCT TGGCGAGAATACGATATGATC 1961
SEQ ID NO 228 GACGGEAGCAGTGECEGACCCAGGAACTGATGACAGCCT TGGCGAGAATACGATATGATC 1961
SEQ ID NO 227 GACGGGAGCAGTGECEGACCCAGEAACTGATGACAGCCT TGGCGAGAATACGATATGATC 1960

SEQ ID_NO_ 223 === = == == == o = oo o o o e

SEQ ID NO 215 - === -mmmmmmmm oo oo oo oo o N 2299
SEQ ID NO 216 - === ----mmmmmmm oo oo oo o N 2299
SEQ ID NO 214 - === --mmmmmmmmm oo oo e oo N 2299
SEQ ID NO 233 - ---mmommmmmmmm oo oo GEGAAC- === == mmmmm e e m e 1903
SEQ ID NO 236 - -----m-m-mmmmmmmm - GEGAAC- === == mmmmm e e m e 1861
SEQ ID NO 231 ----mmmmmmmmmmm oo oo oo N 1897
SEQ ID NO 229 —=----mmmmmmm oo oo oo oo N 1897
SEQ ID NO 230 ------mmmmmmm oo oo oo oo N 1897
SEQ ID NO 232 - == --mmmmmmm oo e oo N 1897
SEQ ID NO 234 - == --mmmmmmmmmmm oo N 1861
SEQ ID NO 218 - == mmmmmmmmm oo oo oo oo o N 2299
SEQ ID NO 219 - === --mmmmmmmmm oo oo oo o N 2299
SEQ ID NO 217 —=---mmmmmmmmmmmm oo e oo o N 2299
SEQ ID NO 221 - -- oo oo mmmmmme oo GEAC -~ = m = mmmmmmm e 1895
SEQ ID NO 224 —=-----mmmmmmmmmmmm oo 111110 1900

SEQ TD_NO_ 213 === = = o == = o= oo o o o

SEQ ID_NO_ 222 === === = == o= o o o o e

SEQ ID_NO_220 CCCACGCCTGTGCTCGTGCCACGTGCTGCTTGCTTCCGTGCACTGTGCTCGCGCCTTGCC 2012
SEQ ID_NO_235CCCACGCCTGTGCTCGTGCCACGTGCTGCTTGCTTCCGTGCACTGTGCTCGCGCCTTGCC 1974
SEQ ID_NO_225CCCACGCCTGTGCTCGTGCCACGTGCTGCTTGCTTCCGTGCACTGTGCTCGTGCCTTGCC 2020

SEQ ID_NO_226 CCCACGCCTGTGCTCGTGCCACGTGCTGCTTGCTTCCGTGCACTGTGCTCGTGCCTTGCC 2021
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SEQ ID NO 228 CCCACGCCTETECTCETECCACGTGCTGCTTGCTTCCRTGCACTATACT CAGCGCCTTACC
SEQ ID NO 227 CCCACGCCTETECTCETECCACGTGCTGCTTGCTTCCRTGCACTATGCT CACGCCTTACC
SEQ ID NO 223 —-----mmmmmmm oo mm X
SEQ ID NO 215 == = == == = - = oo
SEQ ID NO 216 == == == == == == = o
SEQ ID NO 214 == == == == = m oo
SEQ ID NO 233 == = = - = = o oo
SEQ ID NO 236 == == == == == == o m ot
SEQ ID NO 231 <= = = m o oo oo
SEQ ID NO 229 == = == == = o = oo
SEQ ID NO 230 == == == == == = o o
SEQ ID NO 232 == = == == = - = oo
SEQ ID NO 234 == == == == = - = oo
SEQ ID NO 218 == = = - = = m o
SEQ ID NO 219 == = == = = m o o
SEQ ID NO 217 == = = - == = m oo
SEQ ID NO 221 == = = = o oo
SEQ ID NO 224 == == == == = = oo
SEQ ID NO 213 == - - mm m o e}
SEQ ID NO 222 == = = m - = o e}
SEQ ID NO 220 CATTGCAGCCGECGAGCCAGCTCAGGCCACCGCCTGCGATGCCTGRTGAGTCCACCCCTE
SEQ ID NO 235 CATTGCAGCCGECGAGCCAGCTCAGGCCACCECCTECGATGCCTGRTGAGTCCACCCCTE
SEQ ID NO 225 CATTGCAGCCGECEAGCCAGCTCAGGCCACCECCTGCGATGCCTGRTGAGTCCACCCCTE
SEQ ID NO 226 CATTGCAGCCGECEAGCCAGCTCAGGCCACCGCCTGCGATGCCTGRTGAGTCCACCCCTE
SEQ ID NO 228 CATTGCAGCCGECEAGCCAGCTCAGGCCACCGCCTECGATGCCTGRTGAGTCCACCCCTE

SEQ ID_NO_227 CATTGCAGCCGGCGAGCCAGCTCAGGCCACCGCCTGCGGTGCCTGGTGAGTCCGCCCCTG

SEQ ID NO 223 == < = - = - = m o
SEQ ID NO 215 == = = = = m e}
SEQ ID NO 216 == == == == == = o m e}
SEQ ID NO 214 == == = = = m e}
SEQ ID NO 233 == - = = = o e}
SEQ ID NO 236 == == == == == = o m e}
SEQ ID NO 231 <= = m o m m o e}
SEQ ID NO 229 == = = = = m e}
SEQ ID NO 230 == == == = = = e}
SEQ ID NO 232 == = = = m o e}
SEQ ID NO 234 == = = = = m o e}
SEQ ID NO 218 == = = = m o e}
SEQ ID NO 219 == = = = m - m e}

SEQ ID NO_ 217 === = == == = o o = o o o o e e

1897

1894

2072

2034

2080

2081

2081

2080

2300

2300

2300

1904

1862

1898

1898

1898

1898

1862

2300

2300

2300
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SEQ_ID_NO_221L == == == == = = = == = = o m = o e o e o G 1896
SEQ_ID_NO_224 == == == == == = === = o o o e e N 1901
SEQ_ID_NO_213 TACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 1957
SEQ_ID_NO_222 TACGGGAGGAAGGAAGGAAAACGAGAGCGAGGACTCACTGTCCGGTCCGCCCAGCTTGGT 1954
SEQ_ID_NO_220 GACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 2132
SEQ_ID_NO_235 GACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 2094
SEQ_ID_NO_225 GACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 2140
SEQ_ID_NO_226 GACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 2141
SEQ_ID_NO_228 GACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 2141
SEQ_ID_NO_227 GACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 2140
SEQ_ID_NO_223 -ACGGGAGGAAGGAAGGAAAACGAGAGCGAGGACTCACTGTCCGGTCCGCCCAGCTTGGT 1943
SEQ_ID_NO_215 TACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 2360
SEQ_ID_NO_216 TACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 2360
SEQ_ID_NO_214 TACGGGAGGAAGGAAGGAAAACGAGAGCGAGGACTCACTGTCCGGTCCGCCCAGCTTGGT 2360
SEQ_ID_NO_233 GACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 1964
SEQ_ID_NO_236 GACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 1922
SEQ_ID_NO_231 TACGGGAGGAAGGAAGGAAAACGAGAGCGAGGACTCACTGTCCGGTCCGCCCAGCTTGGT 1958
SEQ_ID_NO_229 TACGGGAGGAAGGAAGGAAAACGAGAGCGAGGACTCACTGTCCGGTCCGCCCAGCTTGGT 1958
SEQ_ID_NO_230 TACGGGAGGAAGGAAGGAAAACGAGAGCGAGGACTCACTGTCCGGTCCGCCCAGCTTGGT 1958
SEQ_ID_NO_232 TACGGGAGGAAGGAAGGAAAACGAGAGCGAGGACTCACTGTCCGGTCCGCCCAGCTTGGT 1958
SEQ_ID_NO_234 TACGGGAGGAAGGAAGGAAAACGAGAGCGAGGACTCACTGTCCGGTCCGCCCAGCTTGGT 1922
SEQ_ID_NO_218 TACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 2360
SEQ_ID_NO_219 TACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 2360
SEQ_ID_NO_217 TACGGGAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCTTGGT 2360
SEQ_ID_NO_221 G- - - -GAGGAAGGAAGGAAAACGAGAGCGAGGAC TCACTGTCCGGTCCGCCCAGCT TGGT 1952
SEQ_ID_NO_224 NACGGGAGGAAGGAAGGAAAACGAGAGCGAGGACTCACTGTCCGGTCCGCCCAGCTTGGT 1961
Khkkhkhkhhkhhhhhhhhhhdhhhhhhhhdhhhdhhhhhdhhddhhhhhdhhddhhrhdk
SEQ_ID_NO_213 GACGGCGTCGACGAAGCGCTGETGGAGETCCGGCGTCCAGCGCAGCCGCEGCTTGGGGTC 2017
SEQ_ID_NO_222 GACGGCGTCGACGAAGCGCTGETGGAGETCCGGCGTCCAGCGCAGCCGCEGCTTGGGGTC 2014
SEQ_ID_NO_220 GACGGCGTCGACGAAGCGCTGETGGAGETCCGGCETCCAGCGCAGCCGCEGCTTGGGETC 2192
SEQ_ID_NO_235 GACGGCGTCGACGAAGCGCTGETGGAGETCCGGCGTCCAGCGCAGCCGCEGCTTGGGETC 2154
SEQ_ID_NO_225 GACGGCGTCGACGAAGCGCTGETGGAGETCCGGCGTCCAGCGCAGCCGCEGCTTGGGTC 2200
SEQ_ID_NO_226 GACGGCGTCGACGAAGCGCTGETGGAGETCCGGCETCCAGCGCAGCCGCEGCTTGGGGTC 2201
SEQ_ID_NO_228 GACGGCGTCGACGAAGCGCTGETGGAGETCCGGCETCCAGCGCAGCCGCEGCTTGGGGTC 2201
SEQ_ID_NO_227 GACGGCGTCGACGAAGCGCTGETGGAGETCCGGCGTCCAGCGCAGCCGCEGCTTGGGGTC 2200
SEQ_ID_NO_223 GACGGCGTCGACGAAGCGCTGETGGAGETCCGGCGTCCAGCGCAGCCGCEGCTTGGGGTC 2003
SEQ_ID_NO_215 GACGGCGTCGACGAAGCGCTGETGGAGETCCGGCGTCCAGCGCAGCCGCEGCTTGGGGTC 2420
SEQ_ID_NO_216 GACGGCGTCGACGAAGCGCTGETGGAGETCCGGCETCCAGCGCAGCCGCEGCTTGGGGTC 2420
SEQ_ID_NO_214 GACGGCGTCGACGAAGCGCTGETGGAGETCCGGCGTCCAGCGCAGCCGCEGCTTGGGGTC 2420
SEQ_ID_NO_233 GACGGCGTCGACGAAGCGCTGETGGAGEACCGGCGTCCAGCGCAGCCGCEGCTTGGGGTC 2024
SEQ_ID_NO_236 GACGGCGTCGACGAAGCGCTGETGGAGGACCGGCGTCCAGCGCAGCCGCEGCTTGGGGETC 1982
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SEQ ID_NO_231 GACGGCGTCGACGAAGCGCTGGTGGAGGTCCGGCGTCCAGCGCAGCCGCGGCTTGGGGTC
SEQ ID_NO_229 GACGGCGTCGACGAAGCGCTGGTGGAGGTCCGGCGTCCAGCGCAGCCGCGGCTTGGGGTC
SEQ ID_NO_230 GACGGCGTCGACGAAGCGCTGGTGGAGGTCCGGCGTCCAGCGCAGCCGCGGCTTGGGGTC
SEQ ID_NO_232 GACGGCGTCGACGAAGCGCTGGTGGAGGTCCGGCGTCCAGCGCAGCCGCGGCTTGGGGTC
SEQ ID_NO_234 GACGGCGTCGACGAAGCGCTGGTGGAGGTCCGGCGTCCAGCGCAGCCGCGGCTTGGGGTC
SEQ ID_NO_218 GACGGCGTCGACGAAGCGCTGGTGGAGGTCCGGCGTCCAGCGCAGCCGCGGCTTGGGGTC
SEQ ID_NO_219 GACGGCGTCGACGAAGCGCTGGTGGAGGTCCGGCGTCCAGCGCAGCCGCGGCTTGGGGTC
SEQ ID_NO_217 GACGGCGTCGACGAAGCGCTGGTGGAGGTCCGGCGTCCAGCGCAGCCGCGGCTTGGGGTC
SEQ ID_NO_221 GACGGCGTCGACGAAGCGCTGGTGGAGGTCCGGCGTCCAGCGCAGCCGCGGCTTGGGGTC

SEQ ID_NO_224 GACGGCGTCGACGAAGCGCTGGTGGAGGTCCGGCGTCCAGCGCAGCCGCGGCTTGGGGTC
B R R R S R T T

SEQ ID_NO_213 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGTCGTTCCTTCCTGGCGA
SEQ ID_NO_222 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA
SEQ ID_NO_220 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA
SEQ ID_NO_235CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA
SEQ ID_NO_225CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA
SEQ ID_NO_226 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA
SEQ ID_NO_228 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA
SEQ ID_NO_227 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA
SEQ ID_NO_223 CCGTGACGCAAACCAACGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA
SEQ ID_NO_215CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGTCGTTCCTTCCTGGCGA
SEQ ID_NO_216 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGTCGTTCCTTCCTGGCGA
SEQ ID_NO_214 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGTCGTTCCTTCCTGGCGA
SEQ ID_NO_233 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGTCGTTCCTTCCTGGCGA
SEQ ID_NO_236 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGTCGTTCCTTCCTGGCGA
SEQ ID_NO_231 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGTCGTTCCTTCCTGGCGA
SEQ ID_NO_229 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGTCGTTCCTTCCTGGCGA
SEQ ID_NO_230 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGTCGTTCCTTCCTGGCGA
SEQ ID_NO_232 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGTCGTTCCTTCCTGGCGA
SEQ ID_NO_234 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA
SEQ ID_NO_218 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA
SEQ ID_NO_219 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA
SEQ ID_NO_217 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA
SEQ ID_NO_221 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA

SEQ ID_NO_224 CCGTGACGCCGCCC- -CGTCGTAGCCGTAGCTCCCCTGCATCGCCGTTCCTTCCTGGCGA
FR KKK KR KK P A R T T T T e

SEQ ID_NO_213 TCGCCGCTTCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGTGAGAC
SEQ ID_NO_222 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC
SEQ ID_NO_220 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC
SEQ ID_NO_235 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC

SEQ ID_NO_225 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC

2018

2018

2018

2018

1982

2420

2420

2420

2012

2021

2075

2072

2250

2212

2258

2259

2259

2258

2063

2478

2478

2478

2082

2040

2076

2076

2076

2076

2040

2478

2478

2478

2070

2079

2135

2132

2310

2272

2318
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SEQ ID_NO_226 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC
SEQ ID_NO_228 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC
SEQ ID_NO_227 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC
SEQ ID_NO_223 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC
SEQ ID_NO_215 TCGCCGCTTCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGTGAGAC
SEQ ID_NO_216 TCGCCGCTTCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGTGAGAC
SEQ ID_NO_214 TCGCCGCTTCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGTGAGAC
SEQ ID_NO_233 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTG----~--~---~------~-~
SEQ ID_NO_236 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTG----~--~---~------~-~
SEQ ID_NO_231 TCGCCGCTTCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGTGAGAC
SEQ ID_NO_229 TCGCCGCTTCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGTGAGAC
SEQ ID_NO_230 TCGCCGCTTCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGTGAGAC
SEQ ID_NO_232 TCGCCGCTTCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGTGAGAC
SEQ ID_NO_234 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC
SEQ ID_NO_218 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC
SEQ ID_NO_219 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC
SEQ ID_NO_217 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC
SEQ ID_NO_221 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC

SEQ ID_NO_224 TCGCCGCTCCCTAGCTATCCGGTGGCCAAAGACACGGCTAGTGGTAGGCTCGAGCGAGAC
R R T

SEQ ID_NO_213 GAGCTCTTGCTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGGTGTAATA
SEQ ID_NO_222 GAGCTCTTGCTGAAGAGAGAATGAATGTAGCGTTACCGCCTCCTGGTCGTAGG- ---- -~
SEQ ID_NO_220 GAGCTCTTGCTGAAGAGAGAATGAATGTAGCGTTACCGCCTCCTGGTCGTAGG- ---- -~
SEQ ID_NO_235GAGCTCTTGCTGAAGAGAGAATGAATGTAGCGTTACCGCCTCCTGGTCGTAGG- -- -~~~
SEQ ID_NO_225GAGCTCTTGCTGAAGAGAGAATGAATGTAGCGTTACCGCCTCCTGGTCGTAGG- ---- -~
SEQ ID_NO_226 GAGCTCTTGCTGAAGAGAGAATGAATGTAGCGTTACCGCCTCCTGGTCGTAGG- -- -~~~
SEQ ID_NO_228 GAGCTCTTGCTGAAGAGAGAATGAATGTAGCGTTACCGCCTCCTGGTCGTAGG- ---- -~
SEQ ID_NO_227 GAGCTCTTGCTGAAGAGAGAATGAATGTAGCGTTACCGCCTCCTGGTCGTAGG- ---- -~
SEQ ID_NO_223 GAGCTCTTGGTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGG- ---- -~
SEQ ID_NO_215GAGCTCTTGCTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGGTGTAATA
SEQ ID_NO_216 GAGCTCTTGCTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGGTGTAATA
SEQ ID_NO_214 GAGCTCTTGCTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGGTGTAATA
SEQ ID NO_233 --------- CTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGGTGTAATA
SEQ ID NO_236 --------- CTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGGTGTAATA
SEQ ID_NO_231 GAGCTCTTGCTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGGTGTAATA
SEQ ID_NO_229 GAGCTCTTGCTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGGTGTAATA
SEQ ID_NO_230 GAGCTCTTGCTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGGTGTAATA
SEQ ID_NO_232 GAGCTCTTGCTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGGTGTAATA
SEQ ID_NO_234 GAGCTCTTGGTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGG- -~~~ -~

SEQ ID_NO_218 GAGCTCTTGGTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGG- -~~~ -~

2319

2319

2318

2123

2538

2538

2538

2125

2083

2136

2136

2136

2136

2100

2538

2538

2538

2130

2139

2195

2185

2363

2325

2371

2372

2372

2371

2176

2598

2598

2598

2176

2134

2196

2196

2196

2196

2153

2591
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SEQ ID_NO_219 GAGCTCTTGGTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGG- ---- -~ 2591
SEQ ID_NO_217 GAGCTCTTGGTGAAGAGAGAATGAATGTAACGTTACCGCCTCCTGGTCGTAGG- ---- -~ 2591
SEQ ID_NO_221 GAGCTCTTGCTGAAGAGAGAATGAATGTAGCGTTACCGCCTCCTGGTCGTAGG- ---- -~ 2183
SEQ ID_NO_224 GAGCTCTTGCTGAAGAGAGAATGAATGTAGCGTTACCGCCTCCTGGTCGTAGG- ---- -~ 2192
R T T e
SEQ ID_NO_213 AGTTGTAACGCGAGCGTCGTTAGCAAGCACAGGGGTTTGTGTATGTGAGGACAAGAGGAG 2255
SEQ ID NO_222 -----------------mmmmmmmm oo mm oo o GGTGTGGGTATGTGAGGACAAGAGGAG 2212
SEQ ID NO_220------------------mmmmmmmmmmmm oo o GGTGTGGGTATGTGAGGACAAGAGGAG 2390
SEQ ID NO_235-------------mmmmmmmm oo m oo o GGTGTGGGTATGTGAGGACAAGAGGAG 2352
SEQ ID NO_225-------------mmmmmmmm oo m oo o GGTGTGGGTATGTGAGGACAAGAGGAG 2398
SEQ ID NO_226 --------------------mmmmmmmm oo oo GGTGTGGGTATGTGAGGACAAGAGGAG 2399
SEQ ID NO_228 ---------------mmmmmmmmmm oo mm oo o GGTGTGGGTATGTGAGGACAAGAGGAG 2399
SEQ ID NO_227 ---------------mmmmmmmmmm oo mm oo o GGTGTGGGTATGTGAGGACAAGAGGAG 2398
SEQ ID NO_223 -------------mmmmmmmm oo oo m oo o GGTGTGTGTATGTGAGGACAAGAGGAG 2203
SEQ ID_NO_215AGTTGTAACGCGAGCGTCGTTAGCAAGCACAGGGGTTTGTGTATGTGAGGACAAGAGGAG 2658
SEQ ID_NO_216 AGTTGTAACGCGAGCGTCGTTAGCAAGCACAGGGGTTTGTGTATGTGAGGACAAGAGGAG 2658
SEQ ID_NO_214 AGTTGTAACGCGAGCGTCGTTAGCAAGCACAGGGGTTTGTGTATGTGAGGACAAGAGGAG 2658
SEQ ID_NO_233 AGTTGTAACGCGAGTGTCGTTAG-AAGCACAGGGGTGTGTGTATGTGAGGACAAGAGGAG 2235
SEQ ID_NO_236 AGTTGTAACGCGAGTGTCGTTAG-AAGCACAGGGGTGTGTGTATGTGAGGACAAGAGGAG 2193
SEQ ID_NO_231AGTTGTAACGCGAGCGTCGTTAGCAAGCACAGGGGTTTGTGTATGTGAGGACAAGAGGAG 2256
SEQ ID_NO_229 AGTTGTAACGCGAGCGTCGTTAGCAAGCACAGGGGTTTGTGTATGTGAGGACAAGAGGAG 2256
SEQ ID_NO_230AGTTGTAACGCGAGCGTCGTTAGCAAGCACAGGGGTTTGTGTATGTGAGGACAAGAGGAG 2256
SEQ ID_NO_232 AGTTGTAACGCGAGCGTCGTTAGCAAGCACAGGGGTTTGTGTATGTGAGGACAAGAGGAG 2256
SEQ ID NO_234 ---------------mmmmmmmmmm oo mm oo o GGTGTGTGTATGTGAGGACAAGAGGAG 2180
SEQ ID NO_218 ---------------mmmmmmmmmm oo oo oo o GGTGTGTGTATGTGAGGACAAGAGGAG 2618
SEQ ID NO_219 ---------------mmmmmm oo oo mm oo o GGTGTGTGTATGTGAGGACAAGAGGAG 2618
SEQ ID NO_217 ---------------mmmmmmmmmmmmmmm oo o GGTGTGTGTATGTGAGGACAAGAGGAG 2618
SEQ ID NO_221 ---------------mmmmmmmmmmmmmmm oo o GGTGTGGGTATGTGAGGACAAGAGGAG 2210
SEQ ID NO_224 -----------------mmmmmmmm oo mm oo o GGTGTGGGTATGTGAGGACAAGAGGAG 2219

Kkk kk KKK KK KKK KKKk ok Kk hkhk kK

SEQ ID_NO_213 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC 2315
SEQ ID_NO_222 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGTGAGGAATC 2272
SEQ ID_NO_220 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGTGAGGAATC 2450
SEQ ID_NO_235 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGTGAGGAATC 2412
SEQ ID_NO_225 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC 2458
SEQ ID_NO_226 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC 2459
SEQ ID_NO_228 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGTGAGGAATC 2459
SEQ ID_NO_227 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGTGAGGAATC 2458
SEQ ID_NO_223 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC 2263
SEQ ID_NO_215 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC 2718

SEQ ID_NO_216 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC 2718
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SEQ ID_NO_214 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC
SEQ ID_NO_233 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGTGAGGAATC
SEQ ID_NO_236 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGTGAGGAATC
SEQ ID_NO_231 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC
SEQ ID_NO_229 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC
SEQ ID_NO_230 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC
SEQ ID_NO_232 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC
SEQ ID_NO_234 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGTGAGGAATC
SEQ ID_NO_218 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC
SEQ ID_NO_219 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC
SEQ ID_NO_217 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC
SEQ ID_NO_221 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGTGAGGAATC

SEQ ID_NO_224 GAGCGAGAGGAGGAGCGCAGAGCGTGGCGGGGAAGGAGGGCGT CATGTGTGCGAGGAATC
B R R T A S R T T T

SEQ ID_NO_213 TAGGACGACTTGTTGGCACTTGGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA

SEQ ID_NO_222 TAGGACGACTTGT------- TGGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_220 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_235 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_225 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_226 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_228 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_227 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_223 TCGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA

SEQ ID_NO_215 TAGGACGACTTGTTGGCACTTGGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_216 TAGGACGACTTGTTGGCACTTGGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_214 TAGGACGACTTGTTGGCACTTGGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_233 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_236 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_231 TAGGACGACTTGTTGGCACTTGGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_229 TAGGACGACTTGTTGGCACTTGGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_230 TAGGACGACTTGTTGGCACTTGGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA

SEQ ID_NO_232 TAGGACGACTTGTTGGCACTTGGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA

SEQ ID_NO_234 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_218 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_219 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_217 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_221 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA
SEQ ID_NO_224 TAGGACGACTTGTT------- GGCAGCTGGGCCGGGGTGCGTGCGAGATGCAATGCAAGA

*okkkK KK KRR KK R T R e T
SEQ ID_NO_213 ACAAAGCGGACGGGCATC---------- ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC

SEQ ID_NO_222 ACAAAGCGGACGGGCATC---------- ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC

2718

2295

2253

2316

2316

2316

2316

2240

2678

2678

2678

2270

2279

2375

2325

2503

2465

2511

2512

2512

2511

2316

2778

2778

2778

2348

2306

2376

2376

2376

2376

2293

2731

2731

2731

2323

2332

2425

2375
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SEQ ID NO 220 ACAAAGCGGACGEGCATC- --------- ACGCCTCCAAGTCCAACCCGGGGGCGCCACTC 2553
SEQ ID NO 235 ACAAAGCGGACGEGCATC- --------- ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC 2515
SEQ ID NO 225 ACAAAGCGGACGGECATCTCGCTCGECCACGCTTCCAAGTCCATCCGGAGAGCACCACTC 2571
SEQ ID NO 226 ACAAAGCGGACGEECATCTCGCTCGGCCACGCTTCCAAGTCCATCCGGAGAGCACCACTC 2572
SEQ ID NO 228 ACAAAGCGGACGEGCATC- --—-—---- ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC 2562
SEQ ID NO 227 ACAAAGCGGACGEGCATC- -- - - —-- - - ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC 2561
SEQ ID NO 223 ACAAAGCGGACGGECATCTCGCTCGECCACGCTTCCAAGTCCAACCAGAGAGCACCACTC 2376
SEQ ID NO 215 ACAAAGCGGACGEGCATC- ----—---- ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC 2828
SEQ ID NO 216 ACAAAGCGGACGEGCATC- —- - - —-- - - ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC 2828
SEQ ID NO 214 ACAAAGCGGACGEGCATC- --------- ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC 2828
SEQ ID NO 233 ACAAAGC-------- ATC----oomoon ACGCCTCCAAGTCCAACCGGGGGGCGCCACTC 2390
SEQ ID NO 236 ACAAAGC-------- ATC----oomoon ACGCCTCCAAGTCCAACCGGGGGGCGCCACTC 2348
SEQ ID NO 231 ACAAAGCGGACGEGCATC---------- ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC 2426
SEQ ID NO 229 ACAAAGCGGACGGEGCATC- --------- ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC 2426
SEQ ID NO 230 ACAAAGCGGACGEGCATC- --------- ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC 2426
SEQ ID NO 232 ACAAAGCGGACGEGCATC- --------- ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC 2426
SEQ ID NO 234 ACAAAGCGGACGGEGCATC- --------- ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC 2343
SEQ ID NO 218 ACAAAGCGGACGGECATCTCGCTCGGCCACGCTTCCAAGTCCATCCGGAGAGCACCACTC 2791
SEQ ID NO 219 ACAAAGCGGACGGECATCTCGCTCGECCACGCTTCCAAGTCCATCCAGAGAGCACCACTC 2791
SEQ ID NO 217 ACAAAGCGGACGGECATCTCGCTCGECCACGCTTCCAAGTCCATCCGGAGAGCACCACTC 2791
SEQ ID NO 221 ACAAAGCGGACGGEGCATC- --------- ACGCCTCCAGGTCCAACCCGGGGGCGCCACTC 2373
SEQ ID NO 224 ACAAAGCGGACGGEECATCTCECTCEGCCACGCTTCCAAGTCCATCCGGRGRGCACCAC- - 2390
*kkkkk ok * kK Kkhkkk Khhkkk Khkkkk kk khkkkkkhkhkk kK
SEQ ID NO 213 G- - - -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACGGC TCCACCCACATCACAAT 2481
SEQ ID NO 222 GATCGECCGCCECTCATTGAGECCCAGGCGCCAAGACGACGGCTCCACCCACGTCACAAT 2435
SEQ ID NO 220 G- - - -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACGGC TCCACCCACGTCACAAT 2609
SEQ ID NO 235 GATCGECCGCCECTCATTGAGGECCCAGGCGCCAAGACGACAGCTCCACCCACGTCACAAT 2575
SEQ ID NO 225 G- - - -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACGGC TCCACCCACGTCACAAT 2627
SEQ ID NO 226 G- - - -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACAGC TCCACCCACGTCACAAT 2628
SEQ ID NO 228 G- - - -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACAGC TCCACCCACGTCACAAT 2618
SEQ ID NO 227 G- - - -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACAGC TCCACCCACGTCACAAT 2617
SEQ ID NO 223 G- - - -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACGGC TCCACCCACATCACAAT 2432
SEQ ID NO 215 G- - - -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACGGC TCCACCCACATCACAAT 2884
SEQ ID NO 216 G- - - -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACGGC TCCACCCACATCACAAT 2884
SEQ ID NO 214 G- - - -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACGGC TCCACCCACATCACAAT 2884
SEQ ID NO 233 G- - - -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACGGC TCCACCCACATCACAAT 2446
SEQ ID NO 236 G- - - -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACGGC TCCACCCACATCACAAT 2404
SEQ ID NO 231G--- -GCCGCCECTCATTGAGGECCCAGGCGCCAAGACGACGGC TCCACCCACATCACAAT 2482
SEQ ID NO 229 G- - - -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACGGC TCCACCCACATCACAAT 2482
SEQ ID NO 230 G- - - -GCCECCECTCATTGAGGECCCAGGCGCCAAGACGACGGC TCCACCCACATCACAAT 2482
SEQ ID NO 232 G- -- -GCCGCCECTCATTGAGECCCAGGCGCCAAGACGACAGC TCCACCCACATCACAAT 2482
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SEQ ID_NO_234 G- ---GCCGCCGCTCATTGAGGCCCAGGCGCCAAGACGGCGGCTCCACCCACGT CACAAT
SEQ ID_NO_218G----GCCGCCGCTCATTGAGGCCCAGGCGCCAAGACGGCGGCTCCACCCACGT CACAAT
SEQ ID_NO_219G----GCCGCCGCTCATTGAGGCCCAGGCGCCAAGACGGCGGCTCCACCCACGT CACAAT
SEQ ID_NO_217G----GCCGCCGCTCATTGAGGCCCAGGCGCCAAGACGGCGGCTCCACCCACGT CACAAT
SEQ ID_NO_221 GATCGGCCGCCGCTCATTGAGGCCCAGGCGCCAAGACGGCGGCTCCACCCACGT CACAAT

SEQ ID_NO_224 --TCGGCCGCCGCTCATTGAGGCCCAGGCGCCAAGACGGCGGCTCCACCCACGT CACAAT
R R A 2

SEQ ID_NO_213 TGGCAACAAGAAGCACACGGCTGGGGTTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_222 TGGCAATAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_220 TGGCAACAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_235 TGGCAATAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_225 TGGCAACAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_226 TGGCAACAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_228 TGGCAATAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_227 TGGCAATAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_223 TGGCAACAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_215 TGGCAACAAGAAGCACACGGCTGGGGTTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_216 TGGCAACAAGAAGCACACGGCTGGGGTTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_214 TGGCAACAAGAAGCACACGGCTGGGGTTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_233 TGGCAACAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_236 TGGCAACAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_231 TGGCAACAAGAAGCACACGGCTGGGGTTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_229 TGGCAACAAGAAGCACACGGCTGGGGTTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_230 TGGCAACAAGAAGCACACGGCTGGGGTTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_232 TGGCAACAAGAAGCACACGGCTGGGGTTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_234 TGGCAATAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_218 TGGCAACAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_219 TGGCAACAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_217 TGGCAACAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
SEQ ID_NO_221 TGGCAATAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC

SEQ ID_NO_224 TGGCAACAAGAAGCACACGGCTGGGGCTGGGACGCGTCGAATTTTTCACCAGAAAATACC
B A R S R T T

SEQ ID_NO_213 GTCTGATCCTGGCGTTTCGTCAGATGCTATGCTACGTGAACGGCAAAACCTAGCAGCAGC
SEQ ID_NO_222 GTCTGATCCTGGCGTTTCGTCAGATGCTATGCTACGTGAACGGCAAAACCTAGCAGCAGC
SEQ ID NO_220GTC------- GGCGTTTCGTCAGATGCTATGCTACGTGAACGGCAAAACCTAGCAGCAGC
SEQ ID_NO_235GTCTGATCCTGGCGTTTCGTCAGATGCTATGCTACGTGAACGGCAAAACCTAGCAGCAGC
SEQ ID _NO_225GTCTGATCCTGGCGTTTCGT----------------~- GAACGGCAAAACCTAGCAGCAGC
SEQ ID _NO_226 GTCTGATCCTGGCGTTTCGT----------------~- GAACGGCAAAACCTAGCAGCAGC
SEQ ID_NO_228 GTCTGATCCTGGCGTTTCGTCAGATGCTATGCTACGTGAACGGCAAAACCTAGCAGCAGC
SEQ ID_NO_227GTCTGATCCTGGCGTTTCGTCAGATGCTATGCTACGTGAACGGCAAAACCTAGCAGCAGC

SEQ ID NO_ 223 GTC------- GGCGTTTCGTCAGATGCTATGCTACGTGAACGGCAAAACCTAGCAGCAGC

2399

2847

2847

2847

2433

2448

2541

2495

2669

2635

2687

2688

2678

2677

2492

2944

2944

2944

2506

2464

2542

2542

2542

2542

2459

2907

2907

2907

2493

2508

2601

2555

2722

2695

2730

2731

2738

2737

2545



US 9,315,872 B2

135 136
TABLE 27-continued
SEQ ID NO 215 GTCTGATCCTGECGTTTCGTCAGATGCTATGCTACGTGAACGGCAARACCTAGCAGCAGE 3004
SEQ ID NO 216 GTCTGATCCTGECGTTTCGTCAGATGCTATGCTACGTGAACGGCAARACCTAGCAGCAGE 3004
SEQ ID NO 214 GTCTGATCCTGECGTTTCGTCAGATGCTATGCTACGTGAACGGCAARACCTAGCAGCAGE 3004
SEQ ID NO 233QTC------- GGCGTTTCGTCAGATGCTATGCTACGTGAACGGCAAAACCTAGCAGCAGT 2559
SEQ ID NO 236 GTC------- GGCGTTTCGTCAGATGCTATGCTACGTGAACGGCAAAACCTAGCAGCAGT 2517
SEQ ID NO 231 GTCTGATCCTGECGTTTCGTCAGATGCTATGCTACGTGAACGGCAARACCTAGCAGCAGE 2602
SEQ ID NO 229 GTCTGATCCTGECGTTTCGTCAGATGCTATGCTACGTGAACGGCAARACCTAGCAGCAGE 2602
SEQ ID NO 230GTC------- GGCGTTTCGTCAGATGCTATGCTACGTGAACGGCAAAACCTAGCAGCAGT 2595
SEQ ID NO 232GTC------- GGCGTTTCGTCAGATGCTATGCTACGTGAACGGCAAAACCTAGCAGCAGT 2595
SEQ ID NO 234 GTCTGATCCTGECGTTTCGTCAGATGCTATGCTACGTGAACGGCAAAACCTAGCAGCAGE 2519
SEQ ID NO 218 GTCTGATCCTGECETTTCGT - - - === —- -~ GAACGGCAAAACCTAGCAGCAGC 2950
SEQ ID NO 219 GTCTGATCCTGECETTTCGT - - - === —- -~ GAACGGCAAAACCTAGCAGCAGC 2950
SEQ ID NO 217 GTCTGATCCTGECETTTCGT - - - === == == == == - GAACGGCAAAACCTAGCAGCAGC 2950
SEQ ID NO 221 GTCTGATCCTGECGTTTCGTCAGATGCTATGCTACGTGAACGGCAARACCTAGCAGCAGE 2553
SEQ ID NO 224 GTCTGATCCTGECETTTCGT - - - - - == == == == - - GAACGGCAAAACCTAGCAGCAGC 2551
* kK Kk ok kk ok ok kkk Khkkkkkhhkhhkrkhkkkkhkdhdkkkk
SEQ ID NO 213 AGCAGC- - - ACTCAGACTGGACAAGAGGAGGGAAATCTT TGCATGGGAACCARACTGAAC 2658
SEQ ID NO 222 AGC------ ACTCAGACTGGACAAGAGGAGGGAAATCTT TGCGTGGGAACCARACTGAAC 2609
SEQ ID NO 220 AGCAGC- - -ATTCAGACTGGACAAGAGGAGGGAAATCTT TGCGTGGGAACCARACTGAAC 2779
SEQ ID NO 235AGC------ ACTCAGACTGGACAAGAGGAGGGAAATCTT TGCGTGGGAACCARACTGAAC 2749
SEQ ID NO 225AGC------ Bm o o m oo 2734
SEQ ID NO 226 AGC------ Bm o o m oo 2735
SEQ ID NO 228 AGC------ ACTCAGACTGGACAAGAGGAGGGAAATCTT TGCGTGGGAACCARACTGAAC 2792
SEQ ID NO 227 AGCAGC- - - ACTCAGACTGGACAAGAGGAGGGAAATCTT TGCATGGGAACCARACTGAAC 2794
SEQ ID NO 223 AGC------ ACTCAGACTGGACAAGAGGAGGGAAATCTT TGCGTGGGAACCARACTGAAC 2599
SEQ ID NO 215 AGCAGC- - - ACTCAGACTGGACAAGAGGAGGGAAATCTT TGCGTGGGAACCARACTGAAC 3061
SEQ ID NO 216 AGCAGC- - - ACTCAGACTGGACAAGAGGAGGGAAATCTT TGCATGGGAACCARACTGAAC 3061
SEQ ID NO 214 AGCAGC- - - ACTCAGACTGGACAAGAGGAGGGAAATCTT TGCGTGGGAACCARACTGAAC 3061
SEQ ID NO 233 AGCAGCAGCACTCAGACTGGACAAGAGGAGGGAAATCTTTGCGTGGGAACCARACTGAAC 2619
SEQ ID NO 236 AGCAGC- - - ACTCAGACTGGACAAGAGGAGGGAAATCTT TGCATGGGAACCARACTGAAC 2574
SEQ ID NO 231 AGCAGC- - -ACTCAGACTGGACAAGAGGAGGGAAATCTT TGCGTGGGAACCARACTGAAC 2659
SEQ ID NO 229 AGCAGC- - - ACTCAGACTGGACAAGAGGAGGGAAATCTT TGCGTGGGAACCARACTGAAC 2659
SEQ ID NO 230AGCA------ CTCAGACTGGACGAGAGGAGGGAAATCTT TGCGTGGGAACCARACTGAAC 2649
SEQ ID NO 232AGCA------ CTCAGACTGGACGAGAGGAGGGAAATCTT TGCGTGGGAACCARACTGAAC 2649
SEQ ID NO 234 AGC------ ACTCAGACTGGACAAGAGGAGGGAAATCTT TGCGTGGGAACCARACTGAAC 2573
SEQ ID NO 218 AGCA- - == == === = m o oo 2954
SEQ ID NO 219 AGCA -~ = == === = o o o 2954
SEQ ID NO 217 AGCA- - == == === = m o o o 2954
SEQ ID NO 221 AGCACT------ CAGACTGGACAAGAGGAGGGARAT CTTTGCGTGGGAACCARACTGAAC 2607
SEQ ID NO 224 AGCA- - == == == = o oo 2555

kKK
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SEQ ID NO 213 GCGAATCGCACGAGTCGGATGACATATC- - - - - CTCGTCCGGAGCGGACTCGACCGCCAG 2713
SEQ ID NO 222 GCGAATCGCACGGETCGEATGACATATCATATCCTCGTGCGGAGCGGACTCAACGACGAG 2669
SEQ ID NO 220 GCGAATCGCACGAGTCGGATGACATATC- - - - - CTCGTGCGGAGCGGACTCGACCGCCAG 2834
SEQ ID NO 235 GCGAATCGCACGGETCGEATGACATATCATATCCTCGTGCGGAGCGGACTCAACGACGAG 2809
SEQ ID NO 225 --GCATTCCACGGGETCGEATGACATATCATATCCTCGTGCGGAGCGGACTCAACGACGAG 2792
SEQ ID NO 226 --GCATTCCACGGGETCGEATGACATATCATATCCTCGTGCGGAGCGGACTCAACGACGAG 2793
SEQ ID NO 228 GCGAATCGCACGGETCGEATGACATATCATATCCTCGTGCGGAGCGGACTCAACGACGAG 2852
SEQ ID NO 227 GCGAATCGCACGAGTCGGATGACATATC- - - - - CTCGTCCGGAGCGGACTCGACCGCCAG 2849
SEQ ID NO 223 GCGAATCGCACGAGTCGGATGACATATC- - - - - CTCGTCCGGAGCGGACTCGGCCGCCAG 2654
SEQ ID NO 215 GCGAATCGCACGAGTCGGATGACATATC- - - - - CTCGTCCGGAGCGGACTCGACCGCCAG 3116
SEQ ID NO 216 GCGAATCGCACGAGTCGGATGACATATC- - - - - CTCGTCCGGAGCGGACTCGACCGCCAG 3116
SEQ ID NO 214 GCGAATCGCACGAGTCGGATGACATATC- - - - - CTCGTCCGGAGCGGACTCGACCGCCAG 3116
SEQ ID NO 233 GCGAATCGCACGAGTCGGATGACATATC- - - - - CTCGTCCGGAGCGGACTCGGCCGCCAG 2674
SEQ ID NO 236 GCGAATCGCACGAGTCGGATGACATATC- - - - - CTCGTCCGGAGCGGACTCGGCCGCCAG 2629
SEQ ID NO 231 GCGAATCGCACGAGTCGGATGACATATC- - -- - CTCGTCCGGAGCGGACTCGACCGCCAG 2714
SEQ ID NO 229 GCGAATCGCACGAGTCGGATGACATATC- - - - - CTCGTCCGGAGCGGACTCGACCGCCAG 2714
SEQ ID NO 230 GCGAATCGCACGAGTCGGATGACATATC- - - - - CTCGTCCGGAGCGGACTCGACCGCCAG 2704
SEQ ID NO 232 GCGAATCGCACGAGTCGGATGACATATC- - - - - CTCGTCCGGAGCGGACTCGACCGCCAG 2704
SEQ ID NO 234 GCGAATCGCACGGETCGEATGACATATCATATCCTCGTGCGGAGCGGACTCAACGACGAG 2633
SEQ ID NO 218 --GCATTCCACGGETCGEATGACATATCATATCCTCGTGCGGAGCGGACTCTACGACGAG 3012
SEQ ID NO 219 --GCATTCCACGGGETCGEATGACATATCATATCCTCGTGCGGAGCGGACTCTACGACGAG 3012
SEQ ID NO 217 --GCATTCCACGGETCGEATGACATATCATATCCTCGTGCGGAGCGGACTCTACGACGAG 3012
SEQ ID NO 221 GCGAATCGCACGGETCGEATGACATATCATATCCTCGTGCGGAGCGGACTCAACGACGAG 2667
SEQ ID NO 224 --GCATTCCACGGGETCGEATGACATATCATATCCTCGTGCGGAGCGGACTCAACGACGAG 2613
* kK Kkhkkk khkkkkkhkkkdkkk kK Khkkkk Kkhkkkkkhkkhkkkk * kkk kK
SEQ ID NO 213 TCCAGCTGTGGCTECEGAATATTCCGGCGEAAGCGCGRGGAGAACGACGGCAGCCTCCGR 2773
SEQ ID NO 222 TCCAGCTGTGGCTECEGAATATTCCGGCGEAAGCGCGEGGAGAGCGACGRCAGCCTCCGE 2729
SEQ ID NO 220 TCCAGCTGTGGNTGCGGAATATTCCGGCGEAAGCGCGRGGAGAACGACGGCAGCCTCCGE 2894
SEQ ID NO 235 TCCAGCTGTGGCTECEGAATATTCCGGCGEAAGCGCGRGGAGAGCEACGRCAGCCTCCGE 2869
SEQ ID NO 225 TCCAGCTGTGCNNNCGEGAATATTCCGGCGEAAGCGCGRGGAGAGCEACGRCAGCCTCCGE 2852
SEQ ID NO 226 TCCAGCTGTGGCTECEGAATATTCCGGCGEAAGCGCGRGGAGAGCEACGRCAGCCTCCGE 2853
SEQ ID NO 228 TCCAGCTGTGGCTECEGAATATTCCGGCGEAAGCGCGRGGAGAGCEACGRCAGCCTCCGE 2912
SEQ ID NO 227 TCCAGCTGTGGCTECEGAATATTCCGGCGEAAGCGCGRGGAGAACGACGGCAGCCTCCGE 2909
SEQ ID NO 223 TCCAGCTGTGGCTECEGAATATTCCGGCGEAATCGCGEGGAGAACGACGGCAGCCTCCGE 2714
SEQ ID NO 215 TCCAGCTGTGGCTECEGAATATTCCGGCGEAAGCGCGEGGAGAACGACGGCAGCCTCCGE 3176
SEQ ID NO 216 TCCAGCTGTGGCTECEGAATATTCCGGCGEAAGCGCGRGGAGAACGACGGCAGCCTCCGR 3176
SEQ ID NO 214 TCCAGCTGTGGCTGCGGAATATTCCGGCGEAAGCGCGRGGAGAACGACGRCAGCCTCCGR 3176
SEQ ID NO 233 TCCAGCTGTGGCTGCEGAATATTCCGGCGEAAGCGCGEGGAGAACGACGGCAGCCTCCGE 2734
SEQ ID NO 236 TCCAGCTGTGGCTECEGAATATTCCGGCGEAAGCGCGRGGAGAACGACGRCEGCCTCCGR 2689
SEQ ID NO 231 TCCAGCTGTGGCTECGGAATATTCCGGCGEAAGCGCGRGGAGAACGACGGCAGCCTCCGR 2774
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SEQ ID_NO_229 TCCAGCTGTGGCTGCGGAATATTCCGGCGGAAGCGCGGGGAGAACGACGGCGGCCTCCGG
SEQ ID_NO_230 TCCAGCTGTGGCTGCGGAATATTCCGGCGGAAGCGCGGGGAGAACGACGGCGGCCTCCGG
SEQ ID_NO_232 TCCAGCTGTGGCTGCGGAATATTCCGGCGGAAGCGCGGGGAGAACGACGGCGGCCTCCGG
SEQ ID_NO_234 TCCAGCTGTGGCTGCGGAATATTCCGGCGGAAGCGCGGGGAGAGCGACGGCGGCCTCCGG
SEQ ID_NO_218 TCCAGCTGTGGCTGCGGAATATTCCGGCGGAAGCGCGGGGAGAGCGACGGCGGCCTCCGG
SEQ ID_NO_219 TCCAGCTGTGGCTGCGGAATATTCCGGCGGAAGCGCGGGGAGAGCGACGGCGGCCTCCGG
SEQ ID_NO_217 TCCAGCTGTGGCTGCGGAATATTCCGGCGGAAGCGCGGGGAGAGCGACGGCGGCCTCCGG
SEQ ID_NO_221 TCCAGCTGTGGCTGCGGAATATTCCGGCGGAAGCGCGGGGAGAGCGACGGCGGCCTCCGG

SEQ ID_NO_224 TCCAGCTGTGGCTGCGGAATATTCCGGCGGAAGCGCGGGGAGAGCGACGGCGGCCTCCGG
Hok kK KKKk KKK P R R R T Y

SEQ_ID_NO_213 TGGGACCCGGGECGAGCGEGAGATGCGECGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_222 TGGGACCCGGGECGAGCGGGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_220 TGGGACCCGGGECGAGCGEGAGATGCGECGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_235 TGGGACCCGGGECGAGCGEGAGATGCGECGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_225 TGG- == == == = == == = = = = == = = = = = o o o o o oo
SEQ_ID_NO_226 TGGGACCCGGGECGAGCGEGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_228 TGGGACCCGGGECGAGCGEGAGATGCGECGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_227 TGGGACCCGGGECGAGCGEGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_223 TGGGACCCGGGECGAGCGEGAGATGCGECGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_215 TGGGACCCGGGECGAGCGEGAGATGCGECGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_216 TGGGACCCGGGECGAGCGEGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_214 TGGGACCCGGGGCGAGCGGGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_233 TGGGACCCGGGECGAGCGEGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_236 TGGGACCCGGGECGAGCGEGAGATGCGECGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_231 TGGGACCCGGGGCGAGCGEGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_229 TGGGACCCGGGGCGAGCGEGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_230 TGGGAACCGGGGCGAGCGGGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_232 TGGGAACCGGGGCGAGCGGGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_234 TGGGACCCGGGGCGAGCGGGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_218 TGGGACCCGGGECGAGCGEGAGATGCGECGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_219 TGGGACCCGGGECGAGCGEGAGATGCGECGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_217 TGGGACCCGGGECGAGCGEGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA
SEQ_ID_NO_221 TGGGACCCGGGECGAGCGEGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA

SEQ ID_NO_224 TGGGACCCGGGGCGAGCGGGAGATGCGGCGAAGATGTTCGGCGCTGATGTCGCTGGAATA
* kK

SEQ_ID_NO_213 TTCGCGCCAGCTGTGGC TGCCGGTGTGACCTGCTGACCAGACGACCAGTGECAGTGGCCA
SEQ_ID_NO_222 TTCGCGCCAGCTGTGGC TGCCGGTGCGACCTGCTGACCAGACGACCAGTGECAATGGCCA
SEQ_ID_NO_220 TTCGCGCCAGCTGTGGCTGCCEG- - =~ = == == == === mm == o mmmm oo oo oo o
SEQ_ID_NO_235 TTCGCGCCAGCTGTGGC TGCCGGTGCGACCTGCTGACCAG- - - - - - - - TGGCAATGGCCA
SEQ_ID_NO_225 == == == == = = = == = o o = e e e e

SEQ ID_NO_226 TTCGCGCCAGCTGTGGCTGCCGGTGCGACCTGCTGACCAGACGACCAGTGGCAATGGCCA

2774

2764

2764

2693

3072

3072

3072

2727

2673

2833

2789

2954

2929

2855

2913

2972

2969

2774

3236

3236

3236

2794

2749

2834

2834

2824

2824

2753

3132

3132

3132

2787

2733

2893

2849

2977

2981

2973
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SEQ_ID_NO_228 TTCGCGCCAGCTGTGGC TGCCGGTGCGACCTGCTGACCAGACGACCAGTGECAATGGCCA 3032
SEQ_ID_NO_227 TTCGCGCCAGCTGTGGC TGCCGGTGTGACCTGCTGACCAGACGACCAGTGECAGTGGCCA 3029
SEQ_ID_NO_223 TTCGCGCCAGCTGTGGC TGCCGGTGTGACCTGCTGACCAGACGACCAGTGECAGTGGCCA 2834
SEQ_ID_NO_215 TTCGCGCCAGCTGTGGC TGCCGGTGTGACCTGCTGACCAGACGACCAGTGECAGTGGCCA 3296
SEQ_ID_NO_216 TTCGCGCCAGCTGTGGC TGCCGGTGTGACCTGCTGACCAGACGACCAGTGECAGTGGCCA 3296
SEQ_ID_NO_214 TTCGCGCCAGCTGTGGCTGCCGGTGTGACCTGCTGACCAGACGACCAGTGECAGTGGCCA 3296
SEQ_ID_NO_233 TTCGCGCCAGCTGTGGC TGCCGGTGTGACCTGCTGACCAGACGACCAGTGECAGTGGCCA 2854
SEQ_ID_NO_236 TTCGCGCCAGCTGTGGC TGCCGGTGTGACCTGCTGACCAGACGACCAGTGECAGTGGCCA 2809
SEQ_ID_NO_231 TTCGCGCCAGCTGTGGC TGCCGGTGTGACCTGCTGACCAGACGACCAGTGECAGTGGCCA 2894
SEQ_ID_NO_229 TTCGCGCCAGCTGTGGC TGCCGGTGTGACCTGCTGACCAGACGACCAGTGECAGTGGCCA 2894
SEQ_ID_NO_230 TTCGCGCCAGCTGTGGCTGCCGGTGTGACCTGCT -~ -~ - - - - GACCAGTGGCAGTGGCCA 2876
SEQ_ID_NO_232 TTCGCGCCAGCTGTGGCTGCCGGTGTGACCTGCT -~ -~ - - - GACCAGTGGCAGTGGCCA 2876
SEQ_ID_NO_234 TTCGCGCCAGCTGTGGC TGCCGGTGCGACCTGCTGACCAGACGACCAGTGECAATGGCCA 2813
SEQ_ID_NO_218 TTCGCGCCAGCTGTGGC TGCCGGTGCGACCTGCTGACCAGACGACCAATGECAGTGGCCA 3192
SEQ_ID_NO_219 TTCGCGCCAGCTGTGGC TGCCGGTGCGACCTGCTGACCAGACGACCAATGECAGTGGCCA 3192
SEQ_ID_NO_217 TTCGCGCCAGCTGTGGC TGCCGGTGCGACCTGCTGACCAGACGACCAATGECAGTGGCCA 3192
SEQ_ID_NO_221 TTCGCGCCAGCTGTGGC TGCCGGTGCGACCTGCTGACCAGACGACCAGTGECAATGGCCA 2847
SEQ_ID_NO_224 TTCGCGCCAGCTGTGGC TGCCGGTGCGACCTGCTGACCAGACGACCAGTGECAATGGCCA 2793
SEQ_ID_NO_213 CCGCCTCTCC == == == = = == == === === o oo mm oo oo ATC---------- 2906
SEQ_ID_NO_222 CCGCCTCTCC - == == == = = == == === === o oo oo oo ATCCAACCTCCAT 2872
SEQ_ID_NO_220 == == == == == = == = = o= & = o o e o

SEQ_ID_NO_235 CCGCCTCTCC - == == == == == == === === o m o mo oo oo ATCCAACCTCCAT 3004
SEQ_ID_NO_225 == == == == = = = == = o o = e e e e

SEQ_ID_NO_226 CCGCCTCTCC == == == == == == === === o m o mm oo oo ATCCAACCTCCAT 2996
SEQ_ID_NO_228 CCGCCTCTCC - == == == = = == == === === mm o oo oo oo ATCCAACCTCCAT 3055
SEQ_ID_NO_227 CCGOCTCTC = == == = = = = == == = = = == oo o oo o oo oo CAT 3041
SEQ_ID_NO_223 CCGOCTCTGn === == == == == == == = == = — = = o oo oo oo CAT 2846
SEQ_ID_NO_215 CCGOCTCTCn = == == = = = = == == = m = = oo o oo o oo CAT 3308
SEQ_ID_NO_216 CCGOCTCTC = == == = = = = == == = = = = oo o oo o oo oo CAT 3308
SEQ_ID_NO_214 CCGOCTCTCn = == == = = = = == == = = = == oo o oo o oo CAT 3308
SEQ_ID_NO_233 CCGOCTCTCn = == == = = = = == == = = = == oo o oo o oo CAT 2866
SEQ_ID_NO_236 CCGOCTCTC = == == == = = == == = — = = o oo oo oo CAT 2821
SEQ_ID_NO_231 CCGOCTCTC = == == = = = = == == = = = = oo o oo o oo oo CAT 2906
SEQ_ID_NO_229 CCGOCTCTC = == == = = = = == == = = = == oo o oo o oo CAT 2906
SEQ_ID_NO_230 CCGOCTCTCn = == == = = = = == == = = = = oo o oo o oo oo CAT 2888
SEQ_ID_NO_232 CCGOCTCTCn = == == = = = = == == = = = = oo o oo o oo CAT 2888
SEQ_ID_NO_234 CCGCCTCTCC - == == == == == == === === o m o oo ATCCAACCTCCAT 2836
SEQ_ID_NO_218 CCGCCTCTCCCTCTTGC TGTTGGAGT TGGATCCACGGACCACTCTCCATCCAACATCCAT 3252
SEQ_ID_NO_219 CCGCCTCTCCCTCTTGC TGTTGGAGT TGGATCCACGGACCACTCTCCATCCAACATCCAT 3252
SEQ_ID_NO_217 CCGCCTCTCCCTCTTGC TGTTGGAGT TGGATCCACGGACCACTCTCCATCCAACATCCAT 3252
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SEQ ID NO 221 CCGCCTCTCC - === mmmmmmmmm oo oo oo o ATCCAACCTCCAT 2870
SEQ ID NO 224 CCQCCTCTCC - = == mmm o mmm oo oo oo ATCCAACCTCCAT 2816
SEQ ID NO 213 -ACAGATTCGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTG 2965
SEQ ID NO 222 CACAGATTGGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTAAAAACCGTG 2932
SEQ ID NO 220 == == == == == == o

SEQ ID NO 235 CACAGATTGGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTAAAAACCGTG 3064
SEQ ID NO 225 == == == == == = o o

SEQ ID NO 226 CACAGATTGGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTAAAAACCGTG 3056
SEQ ID NO 228 CACAGATTGGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTAAAAACCGTG 3115
SEQ ID NO 227 CACAGATTCGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTG 3101
SEQ ID NO 223 CACAGATTGGCGGACGATTAGCCGAGACTAATTGCCATTCTCAACACTTTTAAAACCGTG 2906
SEQ ID NO 215 CACAGATTCGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTG 3368
SEQ ID NO 216 CACAGATTCGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTG 3368
SEQ ID NO 214 CACAGATTCGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTG 3368
SEQ ID NO 233 CACAGATTCGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTG 2926
SEQ ID NO 236 CACAGATTCGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTG 2881
SEQ ID NO 231 CACAGATTCGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTG 2966
SEQ ID NO 229 CACAGATTCGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTG 2966
SEQ ID NO 230 CACAGATTGGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTG 2948
SEQ ID NO 232 CACAGATTGGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTG 2948
SEQ ID NO 234 CACAGATTGGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTAAAAACCGTG 2896
SEQ ID NO 218 CACAGATTGGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTA 3312
SEQ ID NO 219 CACAGATTGGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTA 3312
SEQ ID NO 217 CACAGATTGGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTTAAAACCGTA 3312
SEQ ID NO 221 CACAGATTGGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTAAAAACCGTG 2930
SEQ ID NO 224 CACAGATTGGCGGACGATTAGCCGAGACTAATCGCTATTCTCAACACTTTAAAAACCGTG 2876
SEQ ID NO 213 CGTGCAGAATGCTAAGGECECETTCGTTTGCACAGCAATAGACATGGAT TTATTTCAGCT 3025
SEQ ID NO 222 CGTGCAGAATGCTAAG ~ =~ = == === === === o m oo oo oo oo oo oo oo o= 2948
SEQ ID NO 220 == == == == == == o

SEQ ID NO 235 CGTGCAGAATGCTAAGCCTEC-- - - - TAGATTCGAGCATCTGCGTGACTCTACTTTGGCT 3119
SEQ ID NO 225 == == == == == = o o

SEQ ID NO 226 CGTGCAGAATGCTAAGCCTEC- - - - - TAGATTCGAGCATCTGCGTGACTCTACTTTGGCT 3111
SEQ ID NO 228 CGTGCAGAATGCTAAGCCTEC-- - - - TAGATTCGAGCATCTGCGTGACTCTACTTTGGCT 3170
SEQ ID NO 227 CGTGCAGAATGCTAAGGECECETTCGTTTGCACAGCAATAGACATGGAT TTATTTCAGCT 3161
SEQ ID NO 223 CGTGCAGAATGCTAAGCCTEC- - - - - TAGATTCGAGCATCTGCGTGACTCTACTT- - - - - 2956
SEQ ID NO 215 CGTGCAGAATGCTAAGGECECETTCGTTTGCACAGCAATAGACATGGAT TTATTTCAGCT 3428
SEQ ID NO 216 CGTGCAGAATGCTAAGGECECETTCGTTTGCACAGCAATAGACATGGAT TTATTTCAGCT 3428
SEQ ID NO 214 CGTGCAGAATGCTAAGGECECETTCGTTTGCACAGCAATAGACATGGAT TTATTTCAGCT 3428
SEQ ID NO 233 CGTGCAGAATGCTAAGGGECECETTCGTTTGCACAGCAATAGACAT TGATTTATTTCAGCT 2986
SEQ ID NO 236 CGTGCAGAATGCTAAGGECECETTCGTTTGCACAGCAATAGACATGGAT TTATTTCAGCT 2941
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SEQ_ID_NO_231 CGTGCAGAATGCTAAGGGCGCGTTCGTTTGCACAGCAATAGACATGGAT TTATTTCAGCT 3026
SEQ_ID_NO_229 CGTGCAGAATGCTAAGGGCGCGTTCGTTTGCACAGCAATAGACATGGAT TTATTTCAGCT 3026
SEQ_ID_NO_230 CGTGCAGAATGATAA- - CCCTGCTAGATT- - - CGAGCATCTGCGTGACTCTACTCTGGCT 3003
SEQ_ID_NO_232 CGTGCAGAATGATAA- - CCCTGCTAGATT- - - CGAGCATCTGCGTGACTCTACTCTGGCT 3003
SEQ_ID_NO_234 CGTGCAGAATGCTAAGCCTGC- - - -~ TAGATTCGAGCATCTGCGTGACTCTACTTTGGCT 2951
SEQ_ID_NO_218 CGTGCAAAATGCTAAGGGGCCGTTCGTTT- -~ -~ - - CTTAGCCGGAATGGCGGTTTGTTT 3365
SEQ_ID_NO_219 CGTGCAAAATGCTAAGGGGCCGTTCGTTT- -~ -~ - - CTTAGCCGGAATGGCGGTTTGTTT 3365
SEQ_ID_NO_217 CGTGCAAAATGCTAAGGGGCCGTTCGTTT- -~ - - - - CTTAGCCGGAATGGCGGTTTGTTT 3365
SEQ_ID_NO_221 CGTGCAGAATGCTAAGCCTGC- - - - - TAGATTCGAGCATCTGCGTGACTCTACTTTGGCT 2985
SEQ_ID_NO_224 CGTGCAGAATGCTAAGCCTGC- - - - - TAGATTCGAGCATCTGCGTGACTCTACTTTGGCT 2931
SEQ_ID_NO_213 CATCAAAATCTATATAAATTAAAGAAGTAATCCGGCTAGAAATTAATCCGGAGCTTCAAT 3085
SEQ_ID_NO_222 == == == == == = == = o o = o o e o

SEQ_ID_NO_220 == == == == == = == = = o= & = o o e o

SEQ_ID_NO_235 CTTCTCGTACGATGCGACCTGACGATGCATTTGGGNNN- - - - - - CCTNTAGCGTCACTTT 3173
SEQ_ID_NO_225 == == == == = = = == = o o = e e e e

SEQ_ID_NO_226 CTTCTCGTACGATGCGACCTGACGATGCATTTGGGCNNN - - - - - CCTNTAGCGTCACTTT 3166
SEQ_ID_NO_228 CTTCTCGTACGATGCGACCTGACGATGCATTTGGGCGTT -~ - - - CCTNTAGCGTCACTTT 3225
SEQ_ID_NO_227 CATCAAAATTTATATAAATTAAAGAAGTAATCCGGCTAGAAATTAATCCGGAGCTTCAAT 3221
SEQ_ID_NO_223 == == == == == = == o o o o e e e o

SEQ_ID_NO_215 CATCAAAATCTATATAAATTAAAGAAGTAATCCGGCTAGAAATTAATCCGGAGCTTCAAT 3488
SEQ_ID_NO_216 CATCAAAATCTATATAAATTAAAGAAGTAATCCGGCTAGAAATTAATCCGGAGCTTCAAT 3488
SEQ_ID_NO_214 CATCAAAATCTATATAAATTAAAGAAGTAATCCGGCTAGAAATTAATCCGGAGCTTCAAT 3488
SEQ_ID_NO_233 CATCAAAATCTATATAAATTAAAGAAGTAATCCGGCTAGAAATTAATCCGGAGCTTCAAT 3046
SEQ_ID_NO_236 CATCAAAATCTATATAAATTAAAGAAGTAATCCGGCTAGAAATTAATCCGGAGCTTCAAT 3001
SEQ_ID_NO_231 CATCAAAATCTATATAAATTAAAGAAGTAATCCGGCTAGAAATTAATCCGGAGCTTCAAT 3086
SEQ_ID_NO_229 CATCAAAATCTATATAAATTAAAGAAGTAATCCGGCTAGAAATTAATCCGGAGCTTCAAT 3086
SEQ_ID_NO_230 CTTCTCGTACGATGCGACTTGACGATGCATTTGCGCGCCTTTAGCGTCACTTTCCTGATT 3063
SEQ_ID_NO_232 CTTCTCGTACGATGCGACTTGACGATGCATT -~~~ = === == == === === === o m— = =~ = 3034
SEQ_ID_NO_234 CTTCTCGTACGATGCGACCTGACGATGCATTTGGGNNNN- - - - - CCTNTAGCGTCACTTT 3006
SEQ_ID_NO_218 CTCTAATTTATATAAGT TTTGATTAGCTGTATTGATTCC- -~ -~~~ -~~~ TGATCCAAT 3413
SEQ_ID_NO_219 CTCTAATTTATATAAGTTTTGATTAGCTGTATTGATTCC -~~~ -~~~ -~~~ TGATCCAAT 3413
SEQ_ID_NO_217 CTCTAATTTATATAAGT TTTGATTAGCTGTATTGATTCC- -~ -~~~ -~~~ TGATCCAAT 3413
SEQ_ID_NO_221 CTTCTCGTACGATGCGACCTGACGATGCATTTGGGCGNC- - - - - - - CTNTAGCGTCACTT 3038
SEQ_ID_NO_224 CTTCTCGTACGATGCGACCTGACGATGCATTTGG - -~ =~~~ == == ===~~~ == ==~~~ 2965
SEQ_ID_NO_213 CCCTAACAACCGAACAGGGTCTAAGCCTGCTAGATTCGAGCATCTGCGTGACTCTACTTT 3145
SEQ_ID_NO_222 ~----==-======mmmmm oo CCTGCTAGATTCGAGCATCTGCGTGACTCTACTTT 2983
SEQ_ID_NO_220 == == == == == = == = = o= & = o o e o

SEQ_ID_NO_235 CCTGATTAGTCCCCCGGAAACGCAACTCTACCACTATCAGCCGCCG- — -~~~ ~ =~~~ -~ 3219
SEQ_ID_NO_225 == == == == = = = == = o o = e e e e

SEQ_ID_NO_226 CCTGATTAGTCCCCCGGAAACGCAACTCTACCACTATCAGCCGCCG-— -~~~ ==~~~ - -~ 3212
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TABLE 27-continued

SEQ ID_NO_228 CCTGATTAGTCCCCCGGAAACGCAACTCTACCACTATCAGCCGCCG------------~-~ 3271
SEQ ID_NO_227 CCCTAACAACCGAACAGGGTCTAAGCCTGCTAGATTCGAGCATCTGCGTGACTCTACTTT 3281

SEQ ID_NO_ 223 === = == == == o = oo o o o e

SEQ ID_NO_215 CCCTAACAACCGAACAGGGTCTAAGCCTGCTAGATTCGAGCATCTGCGTGACTCTACTTT 3548
SEQ ID_NO_216 CCCTAACAACCGAACAGGGTCTAAGCCTGCTAGATTCGAGCATCTGCGTGACTCTACTTT 3548
SEQ ID_NO_214 CCCTAACAACCGAACAGGGTCTAAGCCTGCTAGATTCGAGCATCTGCGTGACTCTACTTT 3548
SEQ ID_NO_233 CCCTAACAACCGAACAGGGTCTAAGCCTGCTAGATTCGAGCATCTGCGTGACTCTACTTT 3106
SEQ ID_NO_236 CCCTAACAACCGAACAGGGTCTAAGCCTGCTAGATTCGAGCATCTGCGTGACTCTACTTT 3061
SEQ ID_NO_231 CCCTAACAACCGAACAGGGTCTAAGCCTGCTAGATTCGAGCATCTGCGTGACTCTACTTT 3146
SEQ ID_NO_229 CCCTAACAACCGAACAGGGTCTAAGCCTGCTAGATTCGAGCATCTGCGTGACTCTACTTT 3146
SEQ ID_NO_230AGTCCCACGGAAACGCAACTCTACCACTATCAGCCGCCA--------------------- 3102

SEQ TD_NO_ 232 === = === = == o= o o o o e

SEQ ID_NO_234 CCTGATTAGTCCCCCGGAAACGCAACTCTACCACTATCAGCCGCCG------------~-~ 3052
SEQ ID_NO_218 TCTGAACAAACGAACA------ AAACCTGCTAGATTCGNGCATCTGCGTGACTCTACTTT 3467
SEQ ID_NO_219 TCTGAACAAACGAACA------ AAACCTGCTAGATTCGAGCATCTGCGTGACTCTACTTT 3467
SEQ ID_NO_217 TCTGAACAAACGAACA------ AAACCTGCTAGATTCGAGCATCTGCGTGACTCTACTTT 3467
SEQ ID _NO_221 CCTGATTAGTCCCCCGGAAACGCAAC- -~~~ ------- - - - mmmm oo oo oo oo 3064

SEQ ID NO 224 == == == == = = oo
SEQ ID NO 213 GECTCTTCTCGTACGATGCGACTTGACGATGCATTTGGGNNNNCCNT TAGCGACACTCTC 3205
SEQ ID NO 222 GECTCTTCTCGTACGATGCGACCTGACGATGCATT - GEGCENNCCTNTAGCGTCACTTTC 3042
SEQ ID NO 220 == == == == == == o
SEQ ID NO 235 == == == = - = - = oo
SEQ ID NO 225 == == == == == = o o
SEQ ID NO 226 == == == == == == m o
SEQ ID NO 228 = == == == = - m oo
SEQ ID NO 227 GECTCTTCTCGTACGATACEACTTGACGATGECAT - -~ <= == == == == ——mm————— = - = 3315

SEQ ID_NO_ 223 === = == == == o = oo o o o e

SEQ_ID_NO_215GGCTCTTCTCGTACGATGCGACT TGACGATGCATTTGG -~~~ — === == === === === - = 3586
SEQ_ID_NO_216 GGCTCTTCTCGTACGATGCGACT TGACGATGCATTTGRGC - - -~ <= == == - mm == == - 3588
SEQ_ID_NO_214 GGCTCTTCTCGTACGATGCGACTTGACGATGCAT TTGGGNNNNNNNNTAGCGACACTCTC 3608
SEQ ID_NO_233 GGCTCTTCTCGTACGATGCGACT TGACGATGCA - - - - = - = == - m == o mm e oo 3139
SEQ_ID_NO_236 GGCTCTTCTCGTACGATGCGACT TGACGATGCATTTGG -~~~ = - === == === == == == - = 3099
SEQ_ID_NO_231GGCTCTTCTCGTACGATGCGACTTGACGATGCAT TTGGENNNNNNNGTAGCGACACTCTC 3206
SEQ_ID_NO_229 GGCTCTTCTCGTACGATGCGACTTGACGATGCAT TNGGENCNNCCNNTAGCGACACTCTC 3206

SEQ ID NO 230 == == == == == = o o
SEQ ID NO 232 == = == == = - = oo
SEQ ID NO 234 == == == == = - = oo
SEQ ID NO 218 GECCCTTCTCGTACGAGCTTTTNGGCGTTCCTCTAGCGTCACTTTCCCCCGGARACGCAA 3527
SEQ ID NO 219 GECCCTTCTCGTACG - -~ = == == === == m - mmm oo oo om oo oo oo 3482

SEQ ID_NO_217 GGCCCTTCTCGTACGNNNNNNNTGGCGTTCCTCTAGCGTCACTTTCCCCCGGAAACGCAA 3527
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SEQ ID_NO_ 221 == == === = = o o = oo m oo e

SEQ ID_NO_ 224 === = == = = == o = o o o o o e

SEQ ID NO 213 CTGATTAGTCCCACGGAAACGCAACTCTACCACTATCAGCCGCCG
SEQ ID NO 222 CTGATTAGTCCCCCGGARACGCAACTCTACCACTATCAGCCGCCG
SEQ ID NO 220 == == == == m - = o m oo
SEQ ID NO 235 == === m - mmm oo
SEQ ID NO 225 == === == - m oo
SEQ ID NO 226 — === == == m == - oo
SEQ ID NO 228 — - = m - m o m oo
SEQ ID NO 227 == === mmmmmm oo
SEQ ID NO 223 == === mmmmm oo
SEQ ID NO 215 — = === = m - m oo
SEQ ID NO 216 — === == == m - mmmmm oo
SEQ ID NO 214 CTGATTAGTCCCACGGAAACGCAACTCTACCACTATCAGCCGCCG
SEQ ID NO 233 == == m - m o mmm o m o mmmo
SEQ ID NO 236 — === === m - m o mm oo
SEQ ID NO 231 CTGATTAGTCCCACGGAAACGCAACTCTACCACTATCAGCCGCCG
SEQ ID NO 229 CTGATTAGTCCCACGGAAACGCAACTCTACCACTATCAGCCGCCG
SEQ ID NO 230 == === == mmm oo

SEQ ID NO_ 232 == == == o= = o oo o m e

3653

3251

3251

SEQ ID NO_ 234 === == o= = o - o oo e e

SEQ ID NO_218 CTCTACCACTATCAGCCGCCG-------------------~----- 3548

SEQ ID NO_ 219 === = == o= = m oo oo oo

SEQ ID NO_217 CTCTACCACTATCAGCCGCCG-------------------~----- 3548

SEQ ID NO_ 221 === = m o= = oo oo oo

SEQ ID NO_ 224 === == == == mm oo oo m e

Sequence data was used to identify a putative homologue
by descent segments between independent sources of resis-
tance or susceptibility. The region from MRQV_00005-1 to
MRQV_08351-1 was shared for most of the independent
sources of susceptibility. The data for a key recombinant
(from the high resolution mapping population; susceptible to
the disease) showed that the recombinant point for this
genetic material is located inside a putative Myb transcription
factor (PCO644442) and that the sequence variation generat-
ing the resistance should be located from the position of this
candidate gene towards MZA2038. There was also an
expected IBD (identity-by-descent) relationship between
independent sources of resistance at the region of or close to
PCO644442 as:

a) PHR33 and PH467.

b) PHR33, PHITJ, PHI40 and PHDG9Y.

¢) PHKO09 showed a specific haplotype.

d) 630 showed a specific haplotype.

There was a group of target SNPs at MRQV_08351-1 very
specific for most of resistant sources. However, recombinant
data indicates that the target sequence should be located from
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MRQV_08351-1 (located at PCO644442) towards
MZA2038.

Considering the specificity of target SNPs at
MRQV_08351-1, this specific fragment was sequenced in a
total of 625 inbreds from Pioneer germplasm. A genetic
description was developed in relationship to MRCV resis-
tance of part of Pioneer germplasm by using the combined
information from: a) flanking markers of this interval
(MZA15490 and MZA2038), b) the sequence data for the 625
inbreds and the tester’s lines, c) the pedigree relationship
between inbreds, and d) the phenotypic data for these inbreds.

A specific group ofhaplotypes at MRQV_08351-1 or com-
bined with haplotypic information for MRQV_10673-1 and
MZ.A2038 was used to increase the characterization and iden-
tity by descent information for the major resistance sources in
Pioneer germplasm and to consider putative variants of the
target region. Table 28 shows a description of specific haplo-
types and the observed and expected response to the disease
across materials by haplotype. The representative sources are
included as reference.
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MZA2038 Expected

MRQV_ 08351 MRQV_10673  link  phenotype =~ MRCVSC

n

Segregation

Source data

1 1,2,8,9 4,5,9,11 Susceptible 3.02

—_
w

4.60
4.59

Resistant
Resistant

Susceptible 3.21

3.31
5.00

Susceptible
Resistant

w

10,15  Resistant

Resistant 5.00

247

10

PHFVS,
274,
PHANO,
165, OH7,
other
PHI40
PH7WT,
173, 630,
PHBO4,
PH147,
PHAA4,
PHG64
C103,
157, other
216, other
PHR33,
PH467,
501
LACAUNEOP
PHP51,
PHDG9,
546,
LACAUNEOP
PHKO09,
PH884,
PHBDSG,
PHFCF

No

No

Using the information for MRQV_08351-1 or combined with
flanking sequences (MRQV_10673-1 and MZA2038),
Applicants inferred the following:

a) Resistance source 1. The sources PHR33 and PH467
may share a common ancestor at MRQV_08351-1.
Shared regions with European materials derived from
LACAUNE open pollinated variety support a probable
common origin from a single haplotype region.

b) Resistance source 2. The sources PHR33, PHITJ,
PHJ40 and PHDG9 may share a common ancestor at the
flanking region of MRQV_08351-1. In addition, PHP51
may be inferred as part of this group. Shared regions
with European materials derived from LACAUNE open
pollinated variety support a probable common origin
from a single haplotype region.

¢) Resistance source 3. PHK09 showed a shared haplotype
with PHBD6 at MRQV_08351-1, and they should share
a common origin from Tuxpen germplasm.

d) Resistance source 4. 630 showed a specific haplotype,
and there is not a confirmed IBD relationship with other
sources.

From mapping population results, Applicants thus demon-
strate a QTL at the region of preferred markers in these
independent sources:

630.

PHOTI. Allelic to 630.

PHP51. Allelic to 630.

PHBDG6. Allelic to 630.

The integration of recombination, sequence, and pedigree
analysis and the inference of an expected IBD relationship
between independent sources permitted Applicants to con-
sider that four major haplotypes at the region of two of the
preferred markers (MZA15490 and MZA2038) can be used
to characterize most of the sources of resistance in Pioneer
germplasm. These four major haplotypes maybe grouped as
these germplasm sources:

(a) Resistance source 1 and 2. Flint SWAN germplasm

sharing homologue region with materials from the Furo-
pean flint LACAUNE open pollinated population.
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(b) Resistance source 3. Materials from TUXPEN origin.

(c) Resistance source 4. Specific source, 630 is the repre-
sentative inbred. The development of this inbred
included a broad genetic base including TUXPEN and
MEXICAN JUNE germplasm.

PCO644442 (FIG. 6, a putative Myb transcription factor)
appears to be the likeliest candidate gene for the resistance to
MRCYV disease. Sequences closely linked to PC0644442
should be also considered as targets for gene cloning, includ-
ing the putative EPSIN1 and flanking sequences of the inter-
val MZA11826 to MZA9105.

A single recombinant at MZA 15490 to MZA2038 from the
cross PH3DT and PH7WT was characterized and the recom-
bination point was located inside the PCO644442. The region
from intron 3 of PCO644442 to the PCO644442’°s promoter
sequences are considered key targets for the validation of
effects on variations on resistance/susceptibility responses
across genotypes. FIG. 8 shows the characterization of the
recombinant at MZA15490 to MZA2038; a quimeric
PCO644442 was originated from PH3DT and PH7WT geno-
types. The sequences at promoter region of PC0644442 of
PH3DT (SEQ ID N0O:212) and PH7WT (SEQ ID NO:211)
are included herein, showing polymorphic sites (see FIGS.
13A-13C for sequence alignment).

Example 9

MRDV—Main Hybrids Characterization—FEurope

A set of key European genetic materials was phenotypi-
cally and genetically characterized to confirm maize genetic
marker loci associated with resistance to MRDV. By identi-
fying such genetic markers, marker assisted selection (MAS)
can be used to improve the efficiency of breeding for
improved resistance of maize to MRDV.
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Maize Hybrids and Resistance Scoring

The plant varieties used in the analysis were from diverse
sources, including elite germplasm, commercially released
cultivars and pre-commercial hybrids representing a broad
range of germplasm related to a European breeding program.

The groups of maize hybrids were planted in a field experi-
ment in Spain. The classifications of resistance and suscep-
tible were based solely on observations of fortuitous, natu-
rally occurring disease incidence in field tests. The degree of
plant resistance to MRDV infection varied widely, as mea-
sured using a scale of incidence of MRDV symptoms.

Data collection was typically done in one scoring time.
Scoring time is placed after flowering time.

In assessing association of markers to resistance, a com-
parison by using the IBD information of parent lines was
used. Allele origin was checked by the identity by descent
approach. Using this approach, those maize lines that were
considered to be representative of either the genotypic classes
were used for assessing association and predict performance
at hybrid level.

Maize Genotyping

Each parent line of these hybrids has been genotyped and
IBD calculations have been estimated for each line.

The underlying logic is that markers with significantly
different allele distributions between the resistant and suscep-
tible groups (i.e., non-random distributions) might be associ-
ated with the trait and can be used to separate them for
purposes of marker assisted selection of maize lines with
previously uncharacterized or characterized resistance or sus-
ceptibility to MRDV. The present analysis examined the IBD
information at the genetic position of the region of preferred
markers and determined if the allele distribution within the
resistant group is significantly different from the allele distri-
bution within the susceptible group. This analysis compares
the plants’ phenotypic score with the genotypes at the target
loci; the genotypes were predicted by IBD.

Results

In order to evaluate the effect of the allelic variation at this
QTL at the hybrid level, a set of 212 hybrids (heterogenous
genetic backgrounds) was characterized according to the
presence of one (heterozygous for the QTL) or two resistant
alleles (homozygous for the QTL) from the parent lines. A
positive and additive effect of the resistant allele at the major
QTL was observed on the hybrid combinations. Table 29
shows the field performance of hybrids with different geno-
types at the major QTL. The field performance was charac-
terized as MRDV _score, similar protocol to MRCYV score.

TABLE 29
Average of STD
Hybrid genotype at major QTL # hybrids MRDV__score Dev
AA, homozygous susceptible allele 163 4.25 0.92
BA, heterozygous, female resistant 37 545 1.01
allele
BB, homozygous resistant allele 3 6.00 0.88
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FIG. 9 shows the performance of maize hybrids under
MRDV infection. The field performance expressed as
MRDV _score.

Discussion/Conclusions

This example has identified chromosome intervals that
correlate with MRDV resistance. Markers that lie within
these intervals are useful for MAS, as well as other purposes.
The prediction of MRDV increased resistance by using the
preferred markers for MRCV resistance indicates that these
markers may be used for MAS for different Fijivirus. A posi-
tive effect of the preferred markers for resistance to other
Fijivirus, such as rice black-streaked dwarf fijivirus, is thus
expected.

Example 10

MRCYV Resistance Phenotypic Assay

What: A 1-9 score of Mal de Rio Cuarto Virus with 1
meaning no resistance (stunted, internodes shortening,
no ear), and 9 meaning that the genetic material is resis-
tance to the disease (no symptoms).

When: From flowering through harvest

Check scores of known susceptible lines to see if their
present ratings agree with historical ratings.

How:

1. Compare ratings that you would give a few known
susceptible lines today with their historical ratings to
see if they agree.

2. If the ratings are too high, then there is not enough
disease pressure to score this location. However, note
any plot that has more disease than the susceptible
checks.

3. Score on a plot basis. Plants within a plot may vary in
symptoms due to timing of infection or some plants
may escape to the disease (natural infection depends
on population of vectors).

4. Consider severity of symptoms and frequency of
plants with symptoms. Scores of 1-3 are in susceptible
category; 4-6 are in resistant category; 7-9 are in
highly resistant category.

Description of Field Scores:

a) Scores 1-3. Susceptible category. Symptoms include
severe dwarfism, severe internodes shortening, no ears or
very poor ear development, premature dead of plants.

b) Scores 4-6. Resistant category. Plants with symptoms as
enations and soft internodes shortening. Low frequency of
plants with severe symptoms.

¢) Scores 7-9. Highly resistant category. Healthy plant. Pres-
ence of enations or no symptoms.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 236

<210> SEQ ID NO 1

<211> LENGTH: 510

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 1

ggtttcceee aggtccagtt agttgttcat ggtggagtga taaatatatc agagcatctt
ttgcctette ccccagtttt tgtcgcacat cectgacagt tetgtttgtyg cageccctga
tgacgcaacce tctaatgata aggaagacaa caagcccgag ccttgagatyg tcagcaagat
tgatggttgce taacaatgac cttgtgetgt ttettacegg gttttgacgt gttggatttg
tgattaccac tgattgctat tgtacttcaa acaggaaggce tggaaatgca actcggette
tcttgagace ttgtcatttg ctgtagtteg ttegcaactyg tatattgtag cttggaagac
tctgtgeegt ggtgegtgta tttgagaaat ttctatgcaa agtgagcetgyg cgataacatt
ggatggcgea gcaaagcatce gcgegecagtg tttectagge atcatccagt geggetegtg
gatcctttat ggtcataget ggtcectece

<210> SEQ ID NO 2

<211> LENGTH: 694

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 2

ttgggttaaa tctggggttt aaatttgtaa gcttaatcaa ggataagggyg ttcaacatce
agtcatccag tattgattat ggtgatagta tttgcttttyg atgagtagaa gatgcacgtt
gatgcatgta tattcaatta gtttctgtta aaacattgct acaataggag agtctggagg
tagttactgce atctttgett ggtgactcca gettctcatg accttgctaa actgatatat
cttgtttagg tacccgaact tgaagagtgt cagggagttyg atctacaaga ggggctacgg
aaaactgaac aagcagagga tccctcetgte taacaaccaa gtcatcgagyg aggtttgcaa
tcttgaacte tgcacctgga tcctttgtga tetgtttgta tttgacaatt tacatgatga
tctecaccat ttggtgttcet atcagggett gggcaagcac aacatcatct gtattgagga
tcttgttcac gagatcatga ctgttggecce acacttcaag gaggcgaaca acttectttg
gecatttaag ctgaaggcac cgctgggagg tctgaagaag aagaggaacc actatgtgga
gggtggtgat gccggtaacce gtgagaatta catcaacgag ctcatcaaaa ggatgaatta
gttcacgatce aagctctatg actttccgta aata

<210> SEQ ID NO 3

<211> LENGTH: 532

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 3

tatatttytt tttttctaag gttgattgga taaaaggggg atgcaggtct tgacagcaat
gggttgcact cactaaggag aacagtggca gggcatcacc aactaaacag caccagcagt
ataagaagaa gcctttgetg aagagattcg gtggtctget aaaaaagaaa agcgaaaatt
agcataaaac cgtctgatga tattctttgt tctatcattt gacatttett tgattagata

tctagttece gagtcettece ccatattatg gtaaactaag tgatggatge ttcaaagaat

acaaaatgtc gactttattt acataattge ctetettgag ttagggagtyg ttegcagtte

60

120

180

240

300

360

420

480

510

60

120

180

240

300

360

420

480

540

600

660

694

60

120

180

240

300

360
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158

agttcagetyg tctggtgtga getgteggaa aacagttgtg agetgectge

tgttgtgagt aaactaaaag aaagtctttg gttggagett cggtaaaaca

tatgatttat ctgtattgct tctgagattg ttatggtcaa cctgtccctt

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 4
LENGTH: 522

TYPE: DNA
ORGANISM: Zea mays

SEQUENCE: 4

aaagacccat agaacgttgt getgtgggag ctcataactg gecatgctccce

atgacagcag tgcaggctge tttegetgtg gtgaacaagg gtgtccgecce

caggactgee tgcccaccect tgectgagate atgaccaggt getgggatcce

gtcegteege cattcactga agttgtgagg atgctggage atgetgagat

agcactgtce gcaaggecceg attteggtgt tgcatgtece aaccgatgac

atcaaacaag agagttgaaa tgaactccat ggaagcgtaa ttgagtgtat

tccaaactte gctcagetga agtagaaage acacctgagt ttatggetgt

actcaggtgt aagccttgtt gtetttgaaa tattcectgea cttagaatat

cgttttcaga ctettgagat gttttagget atctattect ga

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 5
LENGTH: 652

TYPE: DNA
ORGANISM: Zea mays

SEQUENCE: 5

tttttttace cctgeecttt ataccccgaa tcgagcagat agetgatcetg

ctggcaacac agtatgctce ggaacttggt ccaccatage tgagetttte

gattattatg accgtaactt ccgttatcte aattttetat ctgaagtttg

aaattttagg aacgacaaga tgtctataag ccggcaataa tttttegtat

tcatcaagge tcacattetg tatcggtgga ccatacggte tcegggttaca

cgtgcagatg caacgattag gctgtectca ctagttttga accatcaagt

gtcctecatgg agcagctcta caggtaagca attagectat ctgatgetgt

accacagttt ctgtggagca taccecttta tggetgtatg gectatggta

acaatgtaac actaccattt aaataccttc tttcaactat gaccggtcac

tgcattaatt ttgcagggca tggactataa taaagggaca gaagtatcac

aagtgctatce atcatteget getgtttagg acttggaaaa tggaaaactg

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 6
LENGTH: 159

TYPE: DNA

ORGANISM: Zea mays

FEATURE:

NAME/KEY: misc_feature
LOCATION: (62)..(62)

OTHER INFORMATION: n is unknown
FEATURE:

NAME/KEY: misc_feature
LOCATION: (84)..(84)

OTHER INFORMATION: n is either agtcaccgtcgtc or

SEQUENCE: 6

tgtgaaaaac

ttagattttt

ccC

ttttgctaat

agctatacce

aaatcctgat

ggagatcctg

taccgactga

ttatcatgtg

atgtgtgtat

acctagtteg

attggggatg
tttaatcgtt
agctcctgaa
cctgtaggga
agtgcgagag
tgccttgata
ttctgecactt
tgagaaaggc
tagtgacaat
cattaggect

ccC

cgtcaccgtegty

420

480

532

60

120

180

240

300

360

420

480

522

60

120

180

240

300

360

420

480

540

600

652
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geeggcaaga tcgagaaygt cccegeccceg gecatcegeca tegactastg gegectcccee 60
gntaacgcca cgctcaagga cgtnecgegcece gacgaggctce accaccgcega cgtcaaccac 120
tttgcatcgg tacggrtact tceccraattcce aataccagce 159
<210> SEQ ID NO 7
<211> LENGTH: 280
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 7
ccgatgcaca acagaaagag gaaagctgat gacaagaaac agcaacatca aagaatgtct 60
gagaagtcaa gaacrggaat ttcgagcatc catgaactgce tgcaggattt cctggtgcag 120

caacagcaca ttgatgtccg gtggcgggag atgatcgaga gacgygccca ggagegggtyg 180
gttttygaac aacaatggyg gctgacaatg cagaggctgg agcaggagceg gttgttgetg 240
gaacactcst ggatggaacg ggaggagcga agaaggatga 280
<210> SEQ ID NO 8

<211> LENGTH: 480

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 8

ggaaaatcce agtcagaacg ctgaatctgg agtttctgte aaaacgaaac tgaagcgacc 60
tggtggtgac tggtcatcte gggagtctga cgacaaggac gatgatggtyg aagaaagtga 120
tgatgagaag ccgatgcaca acagaaagag gaaagctgat gacaagaaac agcaacatca 180
aagaatgtct gagaagtcaa gaacaggaat ttcgagecatc catgaactge tgcaggattt 240
cctggtgecag caacagcaca ttgatgteeg gtggegggag atgatcgaga gacgtgcecca 300

ggagcgggtyg gttttcgaac aacaatggeyg gctgacaatg cagaggctgyg agcaggageg 360
gttgttgetyg gaacactcgt ggatggaacyg ggaggagcga agaaggatga gagaagaagc 420
acgagctgaa aaaaggatge actcctgace actctgtgaa caaactccetg cagaatatta 480
<210> SEQ ID NO 9

<211> LENGTH: 643

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 9

cacatactca catttcaggc acgtcttcge tacatctaac cctgtaccaa caaaccaaag 60
gtattgccac ctaagacctt gtttgtttac accaatccag ctectggatta gaatggattg 120
gaattaaatc catgtcccaa ataaaccaag cctactcaat tttttttatt tggctaaacc 180
catcatgaat tataacccaa gggtttatga tttttttaaa ctatggaagg tatggattct 240
atccataact cattaggtat ggaacaaatc catgaagata ttgcacaagt ttatattaga 300
actgaaactyg aaaggcaata taggcatata gcactatagce agaactgaaa ctgaaatatt 360
gaatacaagyg ctacaatcag taatgcagta cctactacct agagcatatc atcatccaag 420
caaaaagcag cagcagcttc tccaacatat tcagattcat cagaattcag acaataggaa 480
agataggaaa gggggagaag gggggaacct tgagatgagg agctcatctce gtcgetagtg 540
ttetggagee gcecgeceggtyg ttetggaget actgetggtyg ttcetaaagece gcagectgtyg 600

ttctggactc ggcaaagggg aaaaatttca agggttaaaa ggg 643
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-continued
<210> SEQ ID NO 10
<211> LENGTH: 694
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 10
gacccctaat tttcectegtga ctttgaattt gtgggaccta tgaatttgtg caggaactgg 60
gggaggaggyg tgacttcgtt tctatttggg gaacactgcet cgegtectge aaagcacagyg 120
acaagcagga attggtgaat ttggtgacag agagattgat ctgcattgag aagaagtatg 180
gecatgetygyg ttacagegtt ttgttgtcac atatttttge tgctgagggce aactggagta 240
gtgctgatag cctgaggaag gagatgaggt tgagaggatt gagcaagatg gcaggttcta 300
gttggattaa agtccagcat gcagcattgc aaagctaccc taaaaatggc catgaacact 360
cattactgca tgtagttgat tacggtagag atgaaatcat ctgacatgaa tcagtactgce 420
agcagtggaa agcttgctga tctggtgttt gttcatgtee catgacgtga tcagctcagg 480
ctatgacaga ttggectttt ggttatctge agecattgaca ccttgtcacce ttgacgaaat 540
tggggcattt cggaacattt acatatatat gaacaacaaa ctgaactccc gcactactcg 600
taagcggtga aataaccctg caggttaaaa cectgatgge ctggacctgg atgcagtcat 660
gcaggaagga tatcgcatta gttgaatact taaa 694
<210> SEQ ID NO 11
<211> LENGTH: 710
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 11
ttaagggcceg gaaggcaagce caaggggttg ttgttcegaaa cggtggcegge cgtgecggge 60
atggtgggeg gcatgttett caacctgggt tegttcecgece gtttegagea cageggegge 120
tggatccgeg cgctgetega ggaggccgag aacgagcgea tgcacctcat gacgttecte 180
gaggtcacge agccgegcetyg gtgggagege gegcetegtge tcaccgegca gggegtette 240
ttcaacgcct acttegtegg ctacctecte teccccaagt tegegcacceyg cgtegtegge 300
tacctcegagg aggaggcagt gcactcgtac accgagtacce tcaaggacct cgaggecgge 360
atcatcgaca acaccccgge gecggecate gecatcgact actggcegect cccegecgac 420
gccaagcteca aggacgtcegt caccegtegtg cgcegecgacg aggcgcacca ccgegacgte 480
aaccactteg cgteggtacg cactctgcac cttgcaacag gattcattge tgtgagcaat 540
ctccagcagt tctagctaat tcattggttt atgtttgett aatggagtac attattttgce 600
aggacatcca ttaccagggg atgaagctca aggacacgece cgcaccgctce agttatcact 660
gacaagtagg cgttgcctge ctgctgctca attcggaagt tggttaaaaa 710
<210> SEQ ID NO 12
<211> LENGTH: 423
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 12
tagggtacat ggaccctgrg tacttccaga caagccaact gactgagaag agtgatgtst 60
acagctttgg cgtegtactce atcgagectac tgacaagraa gaagectatc atggatgata 120
tcrecggaaga cattagaagce ctagcgetge aatttagtat getattccat ggaartaage 180
tgttggaaat cgttgatcct gtagtagetg aagaagctgg agtcagacat gttgaaacgg 240
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tttcgaagtt ggcgttacga tgcttaaggt
atgttgcgat tgaacttgaa gcactgagaa
acgagtcttt gcttcaggag tyatgttgea
gtt

<210> SEQ ID NO 13

<211> LENGTH: 423

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 13

tagggtacat ggaccctgrg tacttccaga
acagetttgg cgtegtactce atcgagetac
tcrecggaaga cattagaagce ctagcgetge
tgttggaaat cgttgatcct gtagtagetg
tttcgaagtt ggcgttacga tgcttaaggt
atgttgcgat tgaacttgaa gcactgagaa
acgagtcttt gcttcaggag tyatgttgea
gtt

<210> SEQ ID NO 14

<211> LENGTH: 503

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 14

aaaggggaag gtcccagtca caacgtacat
ctgagtactt ccagacaagc caactgactg
tactcatcga gctactgaca aggaagaagce
gaagcctage gctgcaattt agtatgetat
atcctgtagt agctgaagaa gctggagtca
tacgatgctt aaggttgaaa ggggaagaac
ttgaagcact gagaaggctg atgaaacaac
aggagtcatg ttgcaatgaa gaaatgagca
taatgcattt acttttcggt ata

<210> SEQ ID NO 15

<211> LENGTH: 613

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (2)..(4)

tgaaagggga
ggctgatgaa

atgaagaaat

caagccaact

tgacaagraa

aatttagtat

aagaagctgg

tgaaagggga

ggctgatgaa

atgaagaaat

tagtgcaagg
agaagagtga
ctatcatgga
tccatggaaa
gacatgttga
gcccaaggat
acttcatctt

tcgacgcace

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: n is unknown

<400> SEQUENCE: 15

agaacgccca aggatgatag
acaacacttc atcttgaaga

gagcatcgac gcaccatcaa

gactgagaag agtgatgtst

gaagcctate atggatgata

gctattcecat ggaartaagce

agtcagacat gttgaaacgg

agaacgccca aggatgatag

acaacacttc atcttgaaga

gagcatcgac gcaccatcaa

gacactaggg tacatggacc

tgtgtacage tttggegteg

tgatatcacg gaagacatta

taagctgttyg gaaatcgttyg

aacggtttcyg aagttggegt

gatagatgtt gcgattgaac

gaagaacgag tctttgette

atcaagtttyg ttccttgegt

annnggcttn acgacttacc catacctegt tacaccgeeg cegecgtcac cgtaccaacce

tactcgtace cgccgecgece geagecgeag ccgeggecac accagcaage agaactagca

gecatgeege ccaaattgga cccctcetcag gtggtggagg tettegteeyg cgtgacggga

300

360

420

423

60

120

180

240

300

360

420

423

60

120

180

240

300

360

420

480

503

60

120

180
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ggcgaggteg gegeggegte gtegetggee cccaagateg geccgetegg

aagaagatcg gcgaggacat cgccaaggag accgccaagdg actggaaggg

accgtcaage tcaccgtgea gaaccggecag gccaaggtet cegtegtcece

gegetegtea tcaaggeget caaggaacce gagagggaca ggaagaaggt

aagcacagcg gcaacatcag cctegacgac gtcatcgaga tcegccaagac

aggtccatgg ccaaggagtt ggeccgggact gtcaaggaga tcectggggac

gtcgggtgeca ctgtcegatgg gaaggacccee aaggacttge agcaggagat

atagcttget ctt

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

tgacaagctyg cagcgaagaa

SEQ ID NO 16

LENGTH: 469

TYPE: DNA

ORGANISM: Zea mays
FEATURE:

NAME/KEY: misc_feature
LOCATION: (306)..(306)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (311)..(311)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (316)..(316)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (322)..(323)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (326)..(327)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (404)..(404)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (421)..(424)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (437)..(438)
OTHER INFORMATION: n is

SEQUENCE: 16

unknown

unknown

unknown

unknown

unknown

unknown

unknown

unknown

ggtgaaccta gctgatattg gcatcgtegyg

gatgggtceg atgagaagre metgccctet tggaccatgg gegecgkatc

atgtctggta ttccaccgte aacacaacaa getggtggea tcgagagett

aacaagcatc atttecggett caaataggec tcgatcttte atactggaaa

tctgeggttt cctectowgt cggectgett cttacaygtg ctgccctatt

cttttntttg nttttntggt tnnttnnggt gatyacatta catggtrtcg

geccegtett gtcacregtg tatgttattt gtegggtttg tggntaagea

nnnncatcac accccecennkt gttccagytce gatrataggt ggyatgttg

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 17
LENGTH: 469

TYPE: DNA
ORGANISM: Zea mays
FEATURE:

tcteteceey

cctecgegte

ctecegecgey

caagaacatc

catgcggaac

ctgegtcage

cgatatggte

tggccttgge

cggectagga

ggccaactac

atacccgtca

gatttaatca

accaatcttyg

tgcaactaca

240

300

360

420

480

540

600

613

60

120

180

240

300

360

420

469
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<221> NAME/KEY: misc_feature
<222> LOCATION: (306)..(306)

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (311)..(311)

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (316)..(316)

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (322)..(323)

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (326)..(327)

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (404)..(404)

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (421)..(424)

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (437)..(438)

<223> OTHER INFORMATION: n is unknown

<400> SEQUENCE: 17

tgacaagctyg cagcgaagaa ggtgaaccta
gatgggtceyg atgagaagrc mctgecctet
atgtctggta ttccaccgtc aacacaacaa
aacaagcatc attteggett caaataggcec
tetgeggttt cctectewgt cggcectgett
cttttntttg nttttntggt tnnttnnggt
geecegtett gtcacregtg tatgttattt
nnnncatcac acccecennkt gttecagyte
<210> SEQ ID NO 18

<211> LENGTH: 704

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 18

ccaatcagag agcctagggce aaagaaagac
aactcgcetga gccggggatt gattgatctg
gtttccectyg ttgecatgge atctatcage

gttcatggtt cteccttgttt ctgacaagcet

ggcatcgteg gtggecttgg cgatgggtec

ggcgeeggat ccggectagg aatgtetggt

atcgagagct tggccaacta caacaageat
catactggaa aatacccgte atctgeggtt
gctgecectat tgatttaatc actttttttyg
gtcgaccaat cttggccceg tcettgtcacyg

agcatgcaac tacatacaca tcacaccccce

getgatattyg
tggaccatgg
getggtggea
tegatettte
cttacaygtyg

gatyacatta

gtcgggtttg

gatrataggt

aattttcagg

aacataactg

ttggtgtaaa

gcagcgaaga

gatgagaagg

attccacegt

catttegget

tcctectetyg

tttttggttt

cgtgtatgtt

tgtgttccag

gcatcgtegg
gcgecgkatce
tcgagagett
atactggaaa
ctgcectatt
catggtrteg
tggntaagca

ggyatgttg

tcaagtcegyg
cacgtatgtt
tttgtttatg
aggtgaacct
cecectgeecte
caacacaaca
tcaaataggce
teggectget
tggtgattac
atttgtcggyg

ctcgatgata

tggccttgge
cggectagga
ggccaactac
atacccgtca
gatttaatca
accaatcttyg

tgcaactaca

catatgggca
cctegttect
gttcagacat
agctgatatt
ttggaccatg
agctggtgge
ctcgatettt
tcttacatgt
attacatggt

tttgtgggta

ggtggtatgt

60

120

180

240

300

360

420

469

60

120

180

240

300

360

420

480

540

600

660
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tggccatgca gtttgtgaaa ttecggecga acttggttat ttaa

<210> SEQ ID NO 19

<211> LENGTH: 406

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (123)..(126)

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (174)..(176)

<223> OTHER INFORMATION: n is unknown

<400> SEQUENCE: 19

cagcaacgtt agcgacctgg aagccacgga gtggatcgag gargacgagce cgggegtgtg
cctecaccate cgegagcteg gecgayggcac ycgcgarcte cgccgcatce ggttcaggta
tgnnnngcac tgaycagtca tggacatgcg gaagcataca tcactggytc agtnnnaacc
aaaatccttc ttgatcactc ggttcattca tgtgatcatg tctgttccat gtttetgtgr
tgctgcagec gggagatatt cggcgaggat agggccaagg tgtggtggga gcagaacagg
gagagaatac aggcggaata tctgtagcaa gcgatcagac actgagctga tgcaattttce
aggcctgatg ggataatcaa atatgtttgt gagaggatag attagg

<210> SEQ ID NO 20

<211> LENGTH: 372

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (153) .. (155)

<223> OTHER INFORMATION: n is unknown

<400> SEQUENCE: 20

gccacggagt ggatcgagga rgacgagccg ggcegtgtgece tcaccatccg cgagctcgge
gayggcacyc gcgarctccg ccgcatcegg ttcaggtatg catggcactg atcagtcatg
gacatgcgga agcatacatc actggctcag tannnaccaa aatccttcett gatcactcegg
ttcattcatg tgatcatgtc tgttccatgt ttctgtgrtg ctgcagccgg gagatattcg
gcgaggatag ggccaaggtg tggtgggagc agaacaggga gagaatacag gcggaatatc
tgtagcaagc gatcagacac tgagctgatg caattttcag gcctgatggg ataatcaaat
atgtttgtga ga

<210> SEQ ID NO 21

<211> LENGTH: 582

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 21

ccaagtcaaa aagctcaact ccgetgetge ggeggecgge acgtcagetyg cgatgggegg
cggggecceg tegtectacyg accegtegeg cgccaccacg tcegtccaggg acgaggectce
cgtgtcccte agcaacgtta gcgacctgga agccacggag tggatcgagg aggacgagcc
gggegtgtge ctcaccatce gegagctegg cgacggcact cgecgagcetcc geccgcatceg

gttcaggtat gcatggcact gatcagtcat ggacatgcgg aagcatacat cactggetca

gtagtaacca aaatccttcet tgatcactcg gttcattcat gtgatcatgt ctgttecatg

704

60

120

180

240

300

360

406

60

120

180

240

300

360

372

60

120

180

240

300

360
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tttctgtgat

cagaacaggg

gcaattttca

gataccgcta

getgcagecyg

agagaataca

ggcctgatgg

tatacatgta

<210> SEQ ID NO 22
<211> LENGTH: 171

<212> TYPE:

DNA

ggagatattc ggcgaggata gggccaaggt

ggcggaatat ctgtagcaag cgatcagaca

gataatcaaa tatgtttgtg agaggataga

aaaccactaa tttggtaaaa aa

<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(62) ..

(62)

<223> OTHER INFORMATION: n is unknown

<400> SEQUENCE: 22

gtggtgggag
ctgagcetgat

ttagggagat

gecggcaaga tcgagaaygt cccegecceg gecatcgeca tegactastg gegectecee

gntaacgcca cgctcaagga cgtmgtcacce gtegtscgeg ccgacgaggce tcaccaccgc

gacgtcaacc actttgcatc ggtacggrta cttccraatt ccaataccag ¢

<210> SEQ ID NO 23
<211> LENGTH: 171

<212> TYPE:

DNA

<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(62) ..

(62)

<223> OTHER INFORMATION: n is unknown

<400> SEQUENCE: 23

gecggcaaga tcgagaaygt cccegecceg gecatcgeca tegactastg gegectecee

gntaacgcca cgctcaagga cgtmgtcacce gtegtscgeg ccgacgaggce tcaccaccgc

gacgtcaacc actttgcatc ggtacggrta cttccraatt ccaataccag ¢

<210> SEQ ID NO 24
<211> LENGTH: 171

<212> TYPE:

DNA

<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(62) ..

(62)

<223> OTHER INFORMATION: n is unknown

<400> SEQUENCE: 24

gecggcaaga tcgagaaygt cccegecceg gecatcgeca tegactastg gegectecee

gntaacgcca cgctcaagga cgtmgtcacce gtegtscgeg ccgacgaggce tcaccaccgc

gacgtcaacc actttgcatc ggtacggrta cttccraatt ccaataccag ¢

<210> SEQ ID NO 25
<211> LENGTH: 557

<212> TYPE:

DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 25

ggatwagggg

dgaggceegge

ccecegetaac

cecgegacgte

ctctgettga

agggtcccag

aagatcgaga

gccacgctcea

aaccactttg

tctegetege

tcacgacgat ccactcgtac accgagtacc

acgtcccege cceggecate gecatcgact

aggacgtagt caccgtegte cgegecgacyg

catcggtacg gatacttceg aattccaata

cgggcacgeg tatctegtta tgggattggt

tcaaggatct

actggegect

aggctcacca

ccagcagcaa

tctgaaatct

420

480

540

582

60

120

171

60

120

171

60

120

171

60

120

180

240

300
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gaattggtat gagcttgtge cgtgcaggac atccattgece agggaatgca gctgaagcag 360
tcecectgege cgatcggata ccactgagga agtgatgetyg tttgtgetet tettaatttt 420
gcatcgctaa taagcaaatg agtgtcettgt ctttaaggga aggaaaggat gcttattgag 480
ttacgagtac tgctacggcg attaggagga tattttccaa acccagtttt tggggaaatt 540
tgtaagtaat aaggtta 557

<210> SEQ ID NO 26

<211> LENGTH: 794

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (307)..(699)

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (714)..(714)

<223> OTHER INFORMATION: n is either tgtactggtattataatgcacctactctct or
cgttectggtattatagtgecacgtactet

<400> SEQUENCE: 26

attgaaaygc atttgagtga tgagagtatt accttttggg agaagtttga gtcgtttcaa 60
gtctttatge atgaccaggt gagttagtrg ttttactttt twectcaatg ccgtgtgaat 120
gtgaggttca tatawttttt tmtgctaatc tttgtagaag gactcaaggg ttattattct 180
attccttgaa agtcttcttt cttggcttga gcgtcgagac cytccagaaa atatggatgt 240
tcaattattc gtagagatca ggcacatatg cagtcaattt caagagaagt atcttaggta 300
tgtttcnnnn nnnnnnnnnn NNNNNNNNNN NNNNNNNNNN NNNNNNNNANN NNNNNNNNNN 360
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 420
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 480
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 540
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 600
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 660
nnNNNNNnNnNn NNNNNNNnnn NNnnnnnnnnn nnnnnnnnna gcecatttatga wacnaattag 720
tagttgggta ttagagtgtg atgtttaact atcagcatcc ttctgttgat gcatgaagta 780
ttcttgtaaa agtt 794

<210> SEQ ID NO 27

<211> LENGTH: 810

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (89)..(89)

<223> OTHER INFORMATION: n is either ggttttactttttt or agttttacttttta
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (294)..(686)

<223> OTHER INFORMATION: n is unknown
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (729)..(730)

<223> OTHER INFORMATION: n is unknown

<400> SEQUENCE: 27
attgaaaygc atttgagtga tgagagtatt accttttggg agaagtttga gtcegtttcaa 60

gtctttatge atgaccaggt gagttagtne ctcaatgcceg tgtgaatgtg aggttcatat 120
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awttttttmt gctaatcttt gtagaaggac tcaagggtta ttattctatt ccttgaaagt 180
cttctttett ggecttgagcg tcgagaccyt ccagaaaata tggatgttca attattcgta 240
gagatcaggc acatatgcag tcaatttcaa gagaagtatc ttaggtatgt ttcnnnnnnn 300
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 360
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 420
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 480
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 540
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 600
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 660
Nnnnnnnnnnn hhnnnnnnnn nnnnnnagca tttatgawac ygtwetggta ttatartgea 720
cstactctnn aattagtagt tgggtattag agtgtgatgt ttaactatca gcatccttcet 780
gttgatgcat gaagtattct tgtaaaagtt 810
<210> SEQ ID NO 28
<211> LENGTH: 823
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (307)..(699)
<223> OTHER INFORMATION: n is unknown
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (742)..(743)
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 28
attgaaaygc atttgagtga tgagagtatt accttttggg agaagtttga gtcgtttcaa 60
gtctttatge atgaccaggt gagttagtrg ttttactttt twectcaatg ccgtgtgaat 120
gtgaggttca tatawttttt tmtgctaatc tttgtagaag gactcaaggg ttattattct 180
attccttgaa agtcttcttt cttggcttga gcgtcgagac cytccagaaa atatggatgt 240
tcaattattc gtagagatca ggcacatatg cagtcaattt caagagaagt atcttaggta 300
tgtttcnnnn nnnnnnnnnn NNNNNNNNNN NNNNNNNNNN NNNNNNNNANN NNNNNNNNNN 360
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 420
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 480
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 540
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 600
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 660
nnNNNNNnNnn NNNNNNNnnn NNnnnnnnnnn nnnnnnnnna gceatttatga wacygtwetg 720
gtattatart gcacstactc tnnaattagt agttgggtat tagagtgtga tgtttaacta 780
tcagcatcct tectgttgatg catgaagtat tcttgtaaaa gtt 823

<210> SEQ ID NO 29

<211> LENGTH: 583

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 29

gagatcaggce acatatgcag tcaatttcaa gagaagtatc ttaggtatgt ttetgtcaag 60
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ggcgttaaac ccttggcetgg ctggaccgeg getacggage tegtagecgt cggecgtett 120
ctecggtgag gttatteccce tctaccgtag getttagaaa ataagagaga gagatgagge 180
taataatctg cttgctttaa tggtcctggt tacaagaata tatagggcca tagcccaact 240
aactggagta acaaactcct gaaattatgg aactgataac tcctaaatcce atctgectta 300
tctactcgat cagctecgage cagctgtgeg cgegtcecceee ctggecgcac gttectetge 360
teggegtacyg tccctggece tgcgectect agtgtagact tgtcecccaca tgacagttte 420
agcatttatg aaaccgttct ggtattatag tgcacgtact ctctaattag tagttgggta 480
ttagagtgtg atgtttaact atcagcatcc ttctgttgat gcatgaagta ttcttgtaaa 540
agttttectg caaaatcagt aattagtatc aatttagggt taa 583
<210> SEQ ID NO 30
<211> LENGTH: 669
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 30
gtggaacgtc tcaaaggtaa cagctactat gttcaaaatg gaactgagga ctagtggatg 60
aatccagcetg tgtatcttca catgaagaga ctaacgcccee gtttggatce ttggaattga 120
atttcattct aaaaatcata atttagtcac aaatcaattt aagttaatat ggttttatac 180
ggaatctatt tgtgtaccct attagccata tggggtacat atttatatgc tagaattcta 240
ttatagagta gcgagtcaaa gagtgtgtta taaattgtag agtagaaaca tagcctggag 300
atacataaaa tcaatttcca tccctcecact ctatgaattt gagatagact tatatttgaa 360
ctttggaaag tggtaggatg ttaaattcca agctaaatag actactctat taagtaaatt 420
tcgattcecte caaaatgaag ggatccaaac tgeccctaat agaattttgt ttctggetat 480
ttacattttt aaagttgtgg ttccgttcag gacttcgecce atatacgttt tggtttgtgce 540
tttgaccttt tagttgtgaa cttgtgatta tttcatttat gggattagaa ttattattat 600
taaataacga gattgaataa caagagccat gacttgattg aatttcataa gcgctagcaa 660
attatttgg 669
<210> SEQ ID NO 31
<211> LENGTH: 359
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (30)..(30)
<223> OTHER INFORMATION: n is unknown
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (48)..(48)
<223> OTHER INFORMATION: n is unknown
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (50)..(50)
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 31
tagttttyce ctcttectaa cgtgtttaan ctettataag agtgtgtntn catggtccga 60
caaacttttg ctteycctca tgagatsatt tgtgcyctta tctcectgcaga taaagggcat 120
cagtgagcte ctygagggcce ttattcegta ttegcagagg catttcageca gagtggacag 180
actagtccga agcacgtttc tgttggacta tacgctgayyg cgaatgtceg tggtagayce 240
agatgtggat gcggggtcaa tcaaagacga aatgaatggt tegtetgtgg agaacggtga 300
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acttgcagag ccteggectg cttcacctgt gecagagaag tcaagcaaga agagaaaat

<210> SEQ ID NO 32
<211> LENGTH: 591

<212> TYPE:

DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 32

tcatgtttca

gtagtagttt

gacaaacttt

atcagtgage

agactagtcc

ccagatgtygg

gaacttgcag

tctggcaaat

ggcaagggtg

tgcatgcatce

gttgtgettt

ttcectette

tgcttetect

tcecttgaggy

gaagcacgtt

atgcggggtc

agccteggec

caagtaaaaa

tttctgttga

caattttgta

<210> SEQ ID NO 33
<211> LENGTH: 298

<212> TYPE:

DNA

tcgggtattyg

ctaacgtgtt

catgagatga

ccttattecyg

tctgttggac

aatcaaagac

tgcttcacct

dggaaaggag

agcctgaaaa

gcagetgttyg

<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(188) .

. (188)

aggagtttct ctecccactga

taaactctta taagagtgtyg

tttgtgctet tatctctgea

tattcgcaga ggcatttcag

tatacgctga cgcgaatgtce

gaaatgaatg gttcgtetgt

gtgccagaga agtcaagcaa

aaggtgatga agcttgecte

tctagetgag aatctggttt

aaactgactt tctaacatgg

tatcctggag

ttcatggtce

gataaagggce

cagagtggac

cgtggtagac

ggagaacggt

gaagagaaaa

gagtggactt

tgcttatgeca

t

359

60

120

180

240

300

360

420

480

540

591

<223> OTHER INFORMATION: n 1is either gtacgaagtcgatcg or atacgaagtcgatca

<400> SEQUENCE: 33

tgttgccagyg
aaaactacat
agtacatggt
caattcantg

accattgeeg

aactcctgga

caaggagacg

tcgaatcgag

agcatgcagg

aggccatcac

<210> SEQ ID NO 34
<211> LENGTH: 669

<212> TYPE:

DNA

tcagaaactt
gtggtcactyg
atcgtgggwa
ttcacacgca

caagyatatc

<213> ORGANISM: Zea mays

<400> SEQUENCE: 34

tcaggaaaat

taatggaagc

ggttgagett

aggttagaag

cggteteggt

ttgccaggaa

aactacatca

tacatggtte

attcagtacg

ttgccatgag

ctectetteg

gtggagggag

aacaacctga

ctcggeteca

ctcctggate

aggagacggt

gaatcgagat

aagtcgatcg

ttggaaaccyg

ggaaactgat

angtggCgC

aaacacatac

aacagttttt

agaaactttc

ggtcactgaa

cgtgggaaga

tgagcatgca

tcagagagaa gttcatcaag
aaggaggcct tctggatcac
gagaagagaa grcatccatc

cccectgtgt tcagtaccga

aaggagmaga gaggctctga

ggctcecage tgccgeegtyg

gececagetyg ctecctgaag

tggaacggtce ctgcttgtta

gagcttettt tgaggtgtgg

getttettgt ggttcatgge

agagagaagt tcatcaaggt

ggaggectte tggatcacgg

gaagagaaga catccatcgt

ggttcacacg caccccetgt

gtcgatgacg
ggctttegga

gtaaggtcra

tgggytrgct

gtcegtaa

tgggaggtca

tggtctcgaa

ccttecectee

tacgatgatg

ttcatgcatg

cgatgacgaa

ctttcggaag

aaggtcaaca

gttcagtacc

60

120

180

240

298

60

120

180

240

300

360

420

480

540
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gatgggttgyg ctaccattgce cgaggccatc accaagtata tcaaggagaa gagaggctcet 600
gagtccgtaa gctctcccaa gtaattaact caagtaattg aactctggaa ttaaaatttg 660
gggtaaaaa 669
<210> SEQ ID NO 35
<211> LENGTH: 517
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 35
ccccaaaaac cccagtcaca acgtgtgecce tetegtaate ctectegect getcecacgte 60
caacgcttee gtcectacaag acgcgtgcaa gtecttegece gcetaagatcece cggacaccgg 120
ctacgectac tgcatcaagt tcttccagge cgacagggga agcegecggeyg cggacaagceg 180
tggcctegee gecategeceg tgaggatcat gggggcagece gcecaagagca ccgcecagtca 240
catcgecgee ctgegggect ccgagaagga caaggagegyg ctggegtgece tcagegattg 300
ctecgaggty tacgegecagg ccgtggacca gaccggegtyg geggcgaagyg gcatcgecte 360

gggcacgceee cggggecgeg cggacgeggt gatggegete agcacggtgg aggatgeccce 420
cggcacctgt gagcaggggt tccaggacct gggegtgegt tegecgetgyg ccteggagac 480
gccggttecg aagatctcag aattttttga aaaagaa 517
<210> SEQ ID NO 36

<211> LENGTH: 647

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 36

ccagtcagaa cggaggtttt acttgagaac aagagtaatc tetttetete tcegcacagtg 60
tgtgtatata tgaaccacct aattaccgct gtagtctett aatcccatca atcaatcaat 120
ggcgcactge atgttgacac acgctaatac atacaggtat ctacgaggcc aagacagatc 180
tcggcaagaa cacgtgeacce atcgagggtyg tcattgagga ggacaagetce gtcaagtaca 240
tctacgagag gatgcgcaag aagggcegteg tcgacaaggt cgagaagaag gtgatcatca 300

aggaggagaa ggtcttagtg aagaaggegg ataaggagaa ggagaagaag gagaaggaga 360

aggagaaaga aaaggagaag gccaaggaga aggtgaagga ggctgtcgac aaggtcaagg 420

aggtcatcge cccctactte atcccctgea cgcacccgaa cttegtcgac tactcegcace 480
cctggeaceg cggeggegge ggctactget cgtegtacgyg tgacggttac ggctacgget 540
acggeggggg ctgcggaggg tacccaccgt acggtttcag ctacacacac tctgagetca 600
aaggctacca tgacacgtcg ttctgcactc acacaacttg ggggtaa 647

<210> SEQ ID NO 37

<211> LENGTH: 589

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 37

aggatcccag tcaggacgat ggcaggegga ttetgttaac cactaaaget ggacgtgtcee 60
atgtgctaga ttcattccat ggcaatagcg taagcataca acctactgta ccttgtatct 120
tgcatatacc aacactagta agacatggtt cttatgattc cttttttctt tcagattgceg 180
tegtgcaatyg tgaagccagt ggtaaccaac tcaacactgg aggcegtcegtt cagccctgat 240

ggaaaccata tcatatctgg ttagagacca tccctategt getttacaaa gagttgecat 300
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cttetetect gettagecaat gegttatggt cttetettge

tttatgcttyg gaatgttagg agtggaaagg tgcagaaaga

atcacttcgt atgttatatce tatttgactt gtatatggta

cgegegetgyg ggaagcacag acgacgaace gecgetggta

gatgttcgtyg acagatcatc agaactgtca tgctgtactg

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 38

LENGTH: 1180

TYPE: DNA

ORGANISM: Zea mays
FEATURE:

NAME/KEY: misc_feature
LOCATION: (1164)..(1164)

OTHER INFORMATION: n is unknown

SEQUENCE: 38

tttgattctt gtcaatagca agttcactge agcaactttt

acatgctaga ggaatcgage ctggtgttet ttatccaget

cgaaccccat gecttataagt aacttcatge ttgcatatcet

tattcagttt atagactaaa cagatctttt taccattatc

tagacaacaa tcttttgtac aggttgaatt tcctatcaat

agaatcttga tcttgecatt tcagecatttg ctttgeteeg

ctggtgatge tctacaagaa gcaacattaa cagtggcagg

ttctagttge atgttcaatg ttacaacacc accggtttta

getgatttee taccatgect attatttagg tggctatgat

tgaatacctt gaggaactca aaagactcge attgacggaa

wtttgttaca tcttgctcaa catctgaaag aaacgagcett

tttatacact ccaaaggtaa gtgcctaggg cttacatcca

ttaatttaac aagcctgegt ctettateca ggatgaacat

agccatggece geccataage cggtaattge ctgcaatagt

tgtgaatgaa gtaacagggt ttctgtgtga tcectctece

getgaaactt gtgaatgatc atgatcttge tgtcagattg

tgtggtgcaa aaattctcga ccaagacatt tggtgatcte

catctaccat gagaggatgg aatgatctat aatattgggt

aatttgttca atacaaggtt ttttttgecac ctttacgtet

acataatgac aatgacattc catngaatce ctttggcata

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 39
LENGTH: 601

TYPE: DNA

ORGANISM: Zea mays
FEATURE:

NAME/KEY: misc_feature
LOCATION: (10)..(10)

OTHER INFORMATION: n is unknown

SEQUENCE: 39

aggctcceggt gacggtagtyg
tatatcatgt cgatattgaa
aaacactttyg acatgcaggt
aggtgggcte caggatcctt

ggcttatta

gcaaggacct tttetggttt

gtctetgttyg agcagtttca

ccttacattt aggtctaact

atattaatat ttagctaaag

caaccggttt gagaggaaaa

ttctgetget tggactctac

tgtttatatt ttatttttcc

aaccatatga aatattgact

aagcgtctca aggaaaatgt

ggggtttetyg gacaggttaa

ctctecaact gectetgegt

gctaagcagt ttgtttacct

ttcggtattyg tacctcettga

ggtggeccag tggaaacagt

gcagaattct ccaaagccat

ggtgaacaag cacgtgacca

ctcaacagct acgtcttgaa

cagccatgee atatgaaaac

aatctgattt tgatggacac

cccccaaaan ccccaaaatt ctwraaaaat tccagaacac cttettttaa gaagcaacat

taacagtggc aggtgtttat attttatttt tccttctagt tgcatgttca atgttacaac

360

420

480

540

589

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1180

60

120
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accaccggtt ttaaaccata tgaaatattg
aggtggctat gataagcgtc tcaaggaaaa
cgcattgacg gaaggggttt ctggacaggt
aagaaacgag cttctctecca actgectetg
gtggcttaca tccagctaag cagtttgttt
ttatccagga tgaacatttc ggtattgtac
taattgcctyg caatagtggt ggcccagtgg
tgtgtgatce ctcteccgca gaattcteca
t

<210> SEQ ID NO 40

<211> LENGTH: 369

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (54)..(56)

actgctgatt

tgttgaatac

taattttgtt

cgttttatac

accttaattt

ctcttgaage

aaacagttgt

aagccatget

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (119)..(121)

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (305)..(305)

<223> OTHER INFORMATION: n is unknown

<400> SEQUENCE: 40

geggeggaca tggaactgga ygatgcettca
aagctgtett cccatgecge agaagaagcer
ncacagcagt ttctgtacta tcteecterg
cagttcctaa actacggtaa cggaagcata
acctcaaaca agcagcggag ccrrccatgg
cctgnaacag ctcagaattc aratcctgya
aaagtgget

<210> SEQ ID NO 41

<211> LENGTH: 462

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (54)..(56)

gccgagacac

gagacatggt

ggagaggtgt

tcctacweag

acggagtcga

gaatctacga

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (119)..(121)

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (305)..(305)

<223> OTHER INFORMATION: n is unknown

<400> SEQUENCE: 41

geggeggaca tggaactgga ygatgettca

aagctgtett cccatgecge agaagaager

ncacagcagt ttctgtacta tcteccterg

cagttcctaa actacggtaa cggaagcata

gccgagacac

gagacatggt

ggagaggtgt

tcctacweag

tcctaccatyg cccattattt

cttgaggaac tcaaaagact

acatcttget caacatctga

actccaaagg taagtgccta

aacaagcctyg cgtcetettac

catggccgee cataagccgg

gaatgaagta acagggttte

gaaatggtca tagctgccct

caaccagtgg aacnnntggg

gecegtgget ggteggtann

tctetatgea tectggttge

cgttggacge acrgacagtt

tcgaraccte cagcagcgtyg

aagtaaacag aggtgaagac

caaccagtgg aacnnntggg

gecegtgget ggteggtann

tctetatgea tectggttge

cgttggacge acrgacagtt

180

240

300

360

420

480

540

600

601

60

120

180

240

300

360

369

60

120

180

240
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acctcaaaca agcagcggag ccrrccatgg acggagtcga tcegaraccte cagcagegtg 300
cctgnaacag ctcagaattc aratcctgya gaatctacga aagtaaacag aggtgaagac 360
aaagtggctg taccegttcece aggttcaagg aaatgcgegr gegcaattcece agectgecgt 420
cgaggttttg taccgtacaa gaagtgcaca gctcggagca ag 462
<210> SEQ ID NO 42
<211> LENGTH: 669
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 42
gagaaaaacc cctggtttga atttgacagc agcaagctca atactgggag cctacaacac 60
geggeggaca tggaactgga tgatgcettca gecgagacac caaccagtgg aactgggaag 120
ctgtettece atgecgcaga agaagcagag acatggtgece cgtggetggt cggtagtaca 180
cagcagttte tgtactatct ccctcgggga gaggtgttet ctatgcatce tggttgecag 240
ttcctaaact acggtaacgg aagcatatcce tacacagegt tggacgcacyg gacagttace 300
tcaaacaagc agcggagcca accatggacg gagtcgateg aaacctccag cagcegtgect 360
gaaacagctce agaattcaga tcctgcagaa tctacgaaag taaacagagg tgaagacaaa 420
gtggctgtac cegtteccagg ttcaaggaaa tgcgcgageg caattccage ctgecgtega 480
ggttttgtac cgtacaagaa gtgcacagct cggagcaagg tgctggeget gecagectgtg 540
gcacctggeyg aggaggcaga tagagagcetg acaaggcetgt gectgtagaa ttetgggecce 600
ttgccaccca cctctactcet gtggataatt tttgctgeta ctecgaacact taatggtcat 660
agctgtttt 669
<210> SEQ ID NO 43
<211> LENGTH: 498
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 43
aagtcccagt cacaacgaaa gaacattacg aatgccattyg tgatcgaggt ccgagtatta 60
gegtaggatt gegtacccegg tggacgtagg agtccggcat gagcgaacgg agegeggega 120
ggtactegtt cacctggegg cggeggttge getcegacgge gatgtgggte atccgetgge 180
tcteggegtt cttggtgete ctetgeegge gecgecgeceyg cegettcate cgecectget 240
geacgetgtt cgectgggac gcececccgeg geggtgecac ctecgecgat ggtgcattge 300
cggaaaagct ccccegtece cccgcagaag cggcagacge gteggeggeyg ttgaaggtgt 360
cgtagatgag atgagtacgt cgcggcacaa agettccage gtcatgtcega tceggegattt 420
ggecggectgt ggacttgtgg tatggcacgg aggccagcaa gaacctacgce geggaccgec 480
gcccgatttt ttgaattt 498
<210> SEQ ID NO 44
<211> LENGTH: 608
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 44
agtcagaacg caacagagaa aaattcatgt acaggtaaaa aaaaccacca ccgatttaga 60
gactagagta tcecggggggg tcccttecce tagaagaaga gatcteegte cgtggcatgg 120
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aggaacggac gaatggttcg ctgacggegg tgtggcetgtt tetttttttt gctatcgcag 180
aggtgacctg ccgttetgca gecgaggagtyg ceggcaggag cagatcgaga tcgacgagge 240
gcgagagcayg cggctgaage agacggggcg ggccgagcag cagceggcage ggcagcagaa 300
gcagagccee cagaggatce ccatctggge gtggtaggat gagaaaaatt ttgggcgecg 360
ggaaaacgaa cgaacgtagt aggatttagc tgcacctcaa gaagaacccc ccaagcaagg 420
gegacttget gegtgtggaa acaaacggcce gtggatcacce gecggcetega cgcaggaaga 480
aggccacgeg ccacggcaca ggccgggcag ggcagggcat ccaaccgget gegtettttt 540
accttegttyg gttgacgaaa ccgaatgacce tctctectee tatctccegta gtaactttgg 600
taaaataa 608
<210> SEQ ID NO 45
<211> LENGTH: 637
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 45
aaggtctata ggggaggcaa acttgaaaaa gcgagaatte getgttgatce catccacage 60
tegtttecac cttteggaac ctttceegecg gectgttetyg acgtcagaac catctatate 120
ttcaagaatt cttggttcgce aagaccgttt tttgatcttt gcatcggatyg gactatggga 180
gcacctcteca aaccagcaag ctgttgaaat tgtccacaat agtccacgag aagtatggtt 240
ttettettte tecgctgcatt ttgtcttgaa ctggcaactc ttctcatatce getcettgetg 300
atgatagcat tcctgttgeg gcaacgctga aatgggtttt ccttgttttt gtagggtgtt 360
gcaaggagat tggtacaaac agctctaaaa gaagctgcga ggaagaggga aatgaggtat 420
ggcgatatta agaagctcga aaaaggagtc cggcgctact tccacgacga cataacagtt 480
gtegtegtet tcatagacca tgaactgcgg geggageatt cttectegac ctetgttect 540
gaactctegyg teegtgggtt cgttgatgeg ggggcacget ccagettttce agggatgaac 600
gacattactt atacagtaac cttgttaatt tttaaaa 637
<210> SEQ ID NO 46
<211> LENGTH: 631
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 46
tcegecceee ccagtcaggt ttttgaaget ctttgaaaac tcacttttat tgtccgecce 60
attacatcct ggaaaagatt attctcaatg ttactatcta atttggagaa atctttaggt 120
gtcaacattt taatgactag ctcaatgata atgatacaag actgataaac tggtcccatg 180
ttgtagaaaa ctgaatcatt aagtgatatt aggtcattct cagtgatcag ttttaatgta 240
ctgtttccaa aactgccaca tcagatttaa actagataac cgtgtatgca gagttctcce 300
ccatgaaact ctaccatctt ccatgaaatg gtgaaactct ccctatatct ctcttattaa 360
ttgcactgce atgtcactaa gtgtgatgat gtgtcaccge atttaatgag tatgaaaatc 420
ccattgagaa tggtcttaca agaaattcca tgtccactaa gttgtgaaag cctcattgga 480
ggagaacgca agtgacgtca atagatggac catggatgcg ctaggacgta atttagataa 540
catcttctac ttcacaccem ctcaatctat ctgatgctga atcgtgaaac tacaccatgg 600
tgcaaaccaa acgcatcaat gcaacyatgg t 631



US 9,315,872 B2
191 192

-continued
<210> SEQ ID NO 47
<211> LENGTH: 672
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 47
gggcattcat ggaaaaggcce caaccgggtt tttcagggaa ggggattcect tacctccaga 60
tgttgatcca gatacagtta gatggattcc agcaaaccat ccttttgetyg ctgcgtcaag 120
tgaagtagac gaggagaccg ccaaacaaaa tgtctatcaa aaggatggceyg tcccatcccg 180
tgttaaggct gagcatgaag ctttgcagge aaggctagag gcttcaaacyg atgtgagtge 240
cttgeccgatg aacatgatct ccttgacatt taaaataaca acaatatatc tattattagt 300
tcctetette tgcaaaattyg attatattga ttgataaaac tccaagctta gtttgacaaa 360
agagccaatc acattgtgta tttttgttaa tcaccagect tccagaataa cgattcctga 420
atcccaacac tgctttgcag gttaccagac tcectcecgga tccaaggagt atgcagegta 480
atgagagaca aatggaattg tcaggcaagc catctgaaaa tcttcaggge tccaagtttg 540
agaaccaaga tagacaactg gttatcgagt ctggtaaaca tagctccgat ggaagtttac 600
aatcaaatga gccggaaggg caataaaatt tggtactcaa gcegcttgata cattgtaatt 660
ggttgtatta tt 672
<210> SEQ ID NO 48
<211> LENGTH: 450
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 48
taaaattaaa ggggaagtcc cagtcaaaac ggcatgtget agattatctt ctttaagatg 60
gggtaagcaa cttcatgcte aggtgattcg gaacctaccyg cacattgatc catatgttge 120
aagtgctett gttgaactgt atgcaaaatg tggetgttte aaggaagcta agggggtcett 180
caactcttta catgaccgta acaatgtgge ttggacagtt ctcatctcag gattcttgca 240
gtatgggtgt ttcactgaat ctgttgaatt gttcaaccag atgagagctg agttgatgac 300
acttgatcag ttcgetttgg ctactcttat aagtggetge tgcagcagga tggatttgtg 360
ccttgggagg caactacatt cactttgtcet gaaaagtggg cagattcaag ctgtagtcegt 420
ctccaatttt tatttcactt tctggtaata 450
<210> SEQ ID NO 49
<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 49
tctetetege gtgtgtge 18

<210> SEQ ID NO 50

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 50

tgggtctect tctcececgteta 20
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 51

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 51

gaaaggctcg ctagtcgeta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 52

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 52

aattcctate gatcctggec

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 53

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 53

agaagtgcegt atgctacagt ggtg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 54

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 54

cctagtggtyg gagttetagg caaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 55

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 55

gtgaagctct gcaccacgcet

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 56

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 56

atcgtccaaa gaagaagagg gaga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 57

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

20

20

24

24

20

24
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<400> SEQUENCE: 57

aaggggagca aacaaggtag

<210> SEQ ID NO 58

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 58

atttaagtag tgcatggtgg ag

<210> SEQ ID NO 59

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 59

aaagcatcca cgagecgea

<210> SEQ ID NO 60

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 60

atgcatggca cgaacacag

<210> SEQ ID NO 61

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 61

tctatgtcag tcctgaggea

<210> SEQ ID NO 62

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 62

aggctaccat taacatgett ¢

<210> SEQ ID NO 63

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 63

acacaataga gcttgategt ga

<210> SEQ ID NO 64

20

22

19

19

20

21

22
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<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 64

aaattgggag agcacagaaa gt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 65

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 65

aaatgtggga gaacagcaag tt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 66

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 66

acaggttgat ttggaatcaa ac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 67

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 67

aacaatctca gaagcaatac ag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 68

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 68

cgttctatta cggtcatttg c

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 69

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 69

ctatcgttgyg atggcacc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 70

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 70

22

22

22

22

21

18
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ttgtgcetgty ggagctcata

<210> SEQ ID NO 71

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 71

atgtttcgac aggacataga ¢

<210> SEQ ID NO 72

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 72

aggcacattc cagtagcag

<210> SEQ ID NO 73

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 73

agcaactcaa gtctgacgat t

<210> SEQ ID NO 74

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 74

gggaaggatg tcatatccga

<210> SEQ ID NO 75

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 75

acaccaatcc agaagggga

<210> SEQ ID NO 76

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 76
gaatggaaag tacaatgagt cc
<210> SEQ ID NO 77

<211> LENGTH: 22
<212> TYPE: DNA

20

21

19

21

20

19

22
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 77

ttcacagage gtgctagaaa ta

<210> SEQ ID NO 78

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 78

ctgaatctgg agtttetgte a

<210> SEQ ID NO 79

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 79

tatagatctt cctgcaggag tt

<210> SEQ ID NO 80

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 80

ctgcagctaa accctgatga

<210> SEQ ID NO 81

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 81

tcagggagtyg gtatttecctt g

<210> SEQ ID NO 82

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 82

tatcaggtca gcaaatttce aa

<210> SEQ ID NO 83

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 83

cattcctect gtccacaaca

22

21

22

20

21

22

20
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 84

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 84

tttacgactg caatgaatca ac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 85

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 85

tggcagcaat ttcagcatgt aa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 86

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 86

gaggaagctt atgaatttgt gc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 87

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 87

ctggtettgt aaacactcac t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 88

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 88

tgcaccgage aaataccttt g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 89

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 89

tacctgatcg tcaagtcget

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 90

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

22

22

22

21

21

20
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-continued

206

<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 90

tgcccatgga cctettett

<210> SEQ ID NO 91

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 91

actctgaatt gagcagcagg

<210> SEQ ID NO 92

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 92

actttggcta gcacaacaac a

<210> SEQ ID NO 93

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 93

acttagctge aaagatge

<210> SEQ ID NO 94

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 94

aacattggtyg caagggacac t

<210> SEQ ID NO 95

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 95

cagaaatgcce atcaacgcca

<210> SEQ ID NO 96

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 96

ggaatgatct ccatgcttte at

19

20

21

18

21

20

22
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208

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 97

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 97

ccagtccaaa ccctacgge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 98

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 98

cgaccaaacce ctactegta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 99

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 99

atcgatctce tgctgcaagt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 100

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 100

aataataggc gattgaggtg c

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 101

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 101

aataataggc gattgaggtg c

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 102

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 102

agcctagege aaagaaagac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 103

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

19

19

20

21

21

20
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-continued

210

<400> SEQUENCE:

caggccacgyg aatttacaca a

103

<210> SEQ ID NO 104

<211> LENGTH:

20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

tcgetgegta gagtactgta

104

<210> SEQ ID NO 105

<211> LENGTH:

18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

105

accegtegga ccacgtet

<210> SEQ ID NO 106

<211> LENGTH:

18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

106

getcaactcee getgetge

<210> SEQ ID NO 107

<211> LENGTH:

22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

107

tcacgttgtt ttcaccatgt at

<210> SEQ ID NO 108

<211> LENGTH:

22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

108

tattagttta ggcaactaag ga

<210> SEQ ID NO 109

<211> LENGTH:

20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

aacgcatact tccteggeta

109

<210> SEQ ID NO 110

<211> LENGTH:

20

21

20

18

18

22

22

20
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211 212

-continued

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 110

atccactecgt acaccgagta 20

<210> SEQ ID NO 111

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 111

tcactctcaa acaactggtt g 21

<210> SEQ ID NO 112

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 112

gaagaagtga taaacgccag a 21

<210> SEQ ID NO 113

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 113

tactttgtce agaagagcag aa 22

<210> SEQ ID NO 114

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 114

tgtggaaatt tgtctattgc ta 22

<210> SEQ ID NO 115

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 115

aggatgcttt cattactgat t 21

<210> SEQ ID NO 116

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 116
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-continued

214

aataggcaga taccaaggca at

<210> SEQ ID NO 117

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 117

aaatgaatca aagggtcgga

<210> SEQ ID NO 118

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 118

ccctacatgt cggcaaceg

<210> SEQ ID NO 119

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 119

gttcctgtte atgttcccga a

<210> SEQ ID NO 120

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 120

aatttacaag gttctategg tt

<210> SEQ ID NO 121

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 121

gettctagag tacgecegt

<210> SEQ ID NO 122

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 122
catgttgcege agtttgtget t
<210> SEQ ID NO 123
<211> LENGTH: 20

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

22

20

19

21

22

19

21
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216

<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 123

gttgggcaac gtcagtttca

<210> SEQ ID NO 124

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 124

gecttetaat aaacgcagca a

<210> SEQ ID NO 125

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 125

ctacggagcet caaagctatg

<210> SEQ ID NO 126

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 126

atctgccatyg agttcgagac

<210> SEQ ID NO 127

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 127

tcttcaatte ccagagttca at

<210> SEQ ID NO 128

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 128

ttcacgctat ggcectttet

<210> SEQ ID NO 129

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 129

atttggattt gcattgtcag tc

20

21

20

20

22

20

22
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218

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 130

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 130

tgtgcectet cgtcatcet

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 131

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 131

cgatggacge atccttec

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 132

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 132

ttacaacgcg gccgttaca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 133

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 133

cataactgta aagctgcegt t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 134

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 134

gaggttttac ttgagaacaa ga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 135

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 135

tgtgtgcagt gcaagaacga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 136

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

19

18

19

21

22

20
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220

<400> SEQUENCE: 136

gttctecteg ctgatgaact

<210> SEQ ID NO 137

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 137

tctgttggta ataacgatte ag

<210> SEQ ID NO 138

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 138

atggcaggcyg gattctgtta

<210> SEQ ID NO 139

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 139

gaacccagca tgacagttcet

<210> SEQ ID NO 140

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 140

ttcacctact tgctaatggt aa

<210> SEQ ID NO 141

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 141

tttgetttge tecegttetge t

<210> SEQ ID NO 142

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 142

gctctacaag aagcaacatt aa

<210> SEQ ID NO 143

20

22

20

20

22

21

22
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222

<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 143

ttcagcatgg ctttggagaa t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 144

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 144

cacccaatct gacagcaaga t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 145

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 145

getatttgge aagagggttg t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 146

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 146

gttagtaatt tagaccagca gc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 147

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 147

tatgtgttcg agtagcagca a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 148

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 148

aaatggaaac actagtcceg a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 149

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 149

21

21

21

22

21

21
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224

ccagtgtgee actatctgaa

<210> SEQ ID NO 150

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 150

aaagaacact acgaatgcca tt

<210> SEQ ID NO 151

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 151

accgggcggce ggthCgC

<210> SEQ ID NO 152

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 152

tagcaccegt agtggecata

<210> SEQ ID NO 153

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 153

cactaccteg acatctgett

<210> SEQ ID NO 154

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 154

caacagagac atcttcatgt ac

<210> SEQ ID NO 155

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 155
tccatcttte ggagatcagg a
<210> SEQ ID NO 156

<211> LENGTH: 21
<212> TYPE: DNA

20

22

18

19

20

22

21
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 156

aaactcacgc acaaaccaac ¢

<210> SEQ ID NO 157

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 157

cgcatcaaag gcatcataca g

<210> SEQ ID NO 158

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 158

ttcaaggtct ataggtgatg c

<210> SEQ ID NO 159

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 159

gcaacacaag gttactgtat ¢

<210> SEQ ID NO 160

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 160

actacgcget agtaacacca a

<210> SEQ ID NO 161

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 161

gtgcctetet ataatagtge ¢

<210> SEQ ID NO 162

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 162

agctggtett ctgaagetet t

21

21

21

21

21

21

21
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228

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 163

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 163

ggttgcattyg atgegtttgg t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 164

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 164

tcccatgtga gegtgtega

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 165

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 165

ggaacaagaa atgcatcaga ag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 166

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 166

ggagatcacg tgcatatcag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 167

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 167

caaagcaaat gtcatcaaag cg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 168

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 168

ctatgtaaac cggtaagccce a

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 169

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

21

19

22

20

22

21
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-continued

<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 169

gggtgcgtet tgattcaaca a 21

<210> SEQ ID NO 170

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 170

gcatgtgcta gattatctte tt 22

<210> SEQ ID NO 171

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 171

ggagatgaga gaattggaga ¢ 21

<210> SEQ ID NO 172

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 172

gattgtcgca ctttgcatac at 22

<210> SEQ ID NO 173

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 173

gctgcaggat ttcecctggtge a 21

<210> SEQ ID NO 174

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 174

aaccgctect getcecage 18

<210> SEQ ID NO 175

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 175

gctgcaggat ttcecctggtge a 21
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232

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 176

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 176

aaccgctect getecage

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 177

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 177

cttccagaca agccaactga ctga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 178

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 178

caacgattte caacagctta yttccatgga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 179

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 179

cttccagaca agccaactga ctga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 180

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 180

caacgattte caacagctta yttccatgga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 181

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 181

aaataggcct cgatctttca tactggaaaa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 182

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

18

24

30

24

30

30
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<400> SEQUENCE: 182

ggccaagatt ggtcgayacc atgtaa 26

<210> SEQ ID NO 183

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 183

aaataggcct cgatctttca tactggaaaa 30

<210> SEQ ID NO 184

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 184

ggccaagatt ggtcgayacc atgtaa 26

<210> SEQ ID NO 185

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 185

agtggatcga ggargacgag cc 22

<210> SEQ ID NO 186

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 186

ccttggecct atcctegece 19

<210> SEQ ID NO 187

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 187

cggaagcata catcactggc tca 23
<210> SEQ ID NO 188

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 188

ccttggecct atcctegece 19

<210> SEQ ID NO 189
<211> LENGTH: 17
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 189

cggccatcge catcgac 17

<210> SEQ ID NO 190

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 190

cgtaccgatg caaagtggtt gac 23

<210> SEQ ID NO 191

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 191

cggccatcge catcgac 17

<210> SEQ ID NO 192

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 192

cgtaccgatg caaagtggtt gac 23

<210> SEQ ID NO 193

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 193

cggccatcge catcgac 17

<210> SEQ ID NO 194

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 194

cgtaccgatg caaagtggtt gac 23

<210> SEQ ID NO 195

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 195
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gcagtcaatt tcaagagaag tatcttaggt atg

<210> SEQ ID NO 196

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 196

aacttttaca agaatacttc atgcatcaac aga

<210> SEQ ID NO 197

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 197

gecatttgagt gatgagagta ttaccttttg g

<210> SEQ ID NO 198

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 198

cecttgagte cttctacaaa gattagea

<210> SEQ ID NO 199

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 199

ttcaagtctt tatgcatgac caggtga

<210> SEQ ID NO 200

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 200

aattgactge atatgtgect gatctctac

<210> SEQ ID NO 201

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 201
ccgacaaact tttgctteye ctcatga
<210> SEQ ID NO 202

<211> LENGTH: 22

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

33

33

31

28

27

29

27
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<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 202

tgctteggac tagtctgtee ac

<210> SEQ ID NO 203

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 203

tttceggaagt acatggtteg aatcga

<210> SEQ ID NO 204

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 204

ggtagcyarce ccatcggtac tgaaca

<210> SEQ ID NO 205

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 205

aaaaagaatc ttgatcttge catttcagea

<210> SEQ ID NO 206

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 206

gecctaggea cttacctttyg ga

<210> SEQ ID NO 207

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 207

gaactggayg atgcttcage cga

<210> SEQ ID NO 208

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 208

ggtacagcca ctttgtette acce

22

26

26

30

22

23

23
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<210> SEQ ID NO 209

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 209

gaactggayg atgcttcage cga

<210> SEQ ID NO 210

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 210

ggtacagcca ctttgtette acce

<210> SEQ ID NO 211
<211> LENGTH: 880
<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 211

catcgeegtt ccttectgge
tagtggtagyg ctcgagcgag
cctectggte gtaggggtgt
agagcgtgge ggggaaggag
getgggeegg ggtgcgtgeg
gecacgcette caagtccatce
gccaagacgg cggctccace
ggacgegteg aatttttcac
aacctagcag cagcagcage
cggactctac ggcgagteca
cgacggcgge ctceggtggg
tgatgtcget ggaatatteg
ccaatggcag tggccaccge
tccatccaac atccatcaca
cacttttaaa accgtacgtg
<210> SEQ ID NO 212

<211> LENGTH: 936
<212> TYPE: DNA

gatecgecget

acgagcetett

gtgtatgtga

ggcgtcatgt

agatgcaatg

¢ggggggege

cacgtcacaa

cagaaaatac

attccacggyg

getgtggetg

acccggggcyg

cgccagetgt

ctctceectcet

gattggcgga

caaaatgcta

<213> ORGANISM: Zea mays

<400> SEQUENCE: 212

catcgtegtt ccttectgge

tagtggtagyg ctcgagtgag

cctectggte gtaggtgtaa

gtgtatgtga ggacaagagg

ggcgtcatgt gtgcgaggaa

gatecgecget

acgagcetett

taagttgtaa

aggagcgaga

tctaggacga

ccctagetat ceggtggeca
ggtgaagaga gaatgaatgt
ggacaagagg aggagcgaga
gtgcgaggaa tctaggacga
caagaacaaa gcggacggge
cactcggeeyg ccgetcattyg
ttggcaacaa gaagcacacg
cgtetgatee tggegttteg
tcggatgaca tatcatatcce
cggaatatte cggcggaage
agcgggagat gcggcgaaga
ggctgecggt gegacctget
tgctgttgga gttggatcca
cgattageceg agactaatcg

aggggccgtt

tcctagetat cecggtggeca

gctgaagaga gaatgaatgt

cgcgagegte gttagcaage

ggaggagcge agagcgtgge

cttgttggca cttggcaget

aagacacggce

aacgttaccyg

dgaggagcge

cttgttggea

atctecgeteg

aggcccagge

getggggetg

tgaacggcaa

tegtgeggag

dcggggagag

tgttcggege

gaccagacga

cggaccacte

ctattctcaa

aagacacggce

aacgttaccyg

acaggggttt

dgggaaggag

gggccggggt

23

23

60

120

180

240

300

360

420

480

540

600

660

720

780

840

880

60

120

180

240

300
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gegtgcgaga tgcaatgcaa gaacaaagcg gacgggcatce acgcctccag gtccaacceg 360
ggggcgcecac teggecgeceg ctcattgagg cccaggegece aagacggegg ctecacccac 420
atcacaattg gcaacaagaa gcacacggct ggggttggga cgegtcgaat ttttcaccag 480
aaaataccgt ctgatcctgg cgtttegtca gatgctatge tacgtgaacyg gcaaaaccta 540
gcagcagcag cagcactcag actggacaag aggagggaaa tctttgegtg ggaaccaaac 600
tgaacgcgaa tcgcacgagt cggatgacat atcctegtece ggageggact cgaccgcgag 660
tccagetgtyg getgeggaat attccggegg aagegegggyg agaacgacgyg cggectecgg 720
tgggacccegg ggcgageggyg agatgeggeg aagatgtteg gegetgatgt cgctggaata 780
ttegegecag ctgtggetge cggtgtgace tgetgaccag acgaccagtyg gcagtggcca 840
cegectetee atcacagatt cgcggacgat tagccgagac taatcgctat tctcaacact 900
tttaaaaccg tgcgtgcaga atgctaaggg cgcgtt 936
<210> SEQ ID NO 213
<211> LENGTH: 3250
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1458)..(1737
<223> OTHER INFORMATION: n is unknown
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3185)..(3188
<223> OTHER INFORMATION: n is unknown
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3191)..(3191
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 213
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaga tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaat 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettectatat atggaagttt gcatacaatg ttttggaaat aaaatgaaat ataaattget 360
tgcatttagt gtaagttaat actcgctcce ttctcgaata tttgtcgtee gectagttcat 420
ttttgaacta aaacatgata aataaaaaaa cggaaggagt acatgtttgt aacaggagag 480
cccatgaata cttgettgta acaggtggag cgctaagtat gcettaggaga actttaggca 540
acttgtattce tttagcactt cgacgcagtt tgtatggtaa tatctactga tagacagaat 600
cctggttttg gatttttaat ttttcctgct tttggttaca cctctacagt cccatactceg 660
cagtccaata gtacatggtc tgataataaa ccaattaaga aggactcatg tctcagtcat 720
tatgacttga gcataggagt tgagatcaag aaatatttga gttgcagctt aaggtccaga 780
gaggaaatcce ccatacactt gcttgtaacg gtatgaatgt atgatcattt ttttttcaag 840
gtaacatttt ctagcatctt cacctgtcta cttgactgaa tgcagtatat attagttgta 900
ataactactg gccttetget gtgcacaaaa ggecgggtatt accacttgca gaaatttgte 960
gggtaaaggt aattgccagt taccttgtgt tcttcecttg atcaggaaca cctggaggag 1020
gatgcgctgt ggttgaaccg aagccctgtg agcgaagtac tgatgacaga aagagcggaa 1080
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gataagataa gaaaggaacc cttgcgcggce aaggcctggt gacatagagg tagtgcgagg 1140
ctcataccgce cgccgctgge aggttcecagg cctgtgettt tettgecctg tatccccagt 1200
ctatacttct gecgcacatca gacgagcctce agtgtttegg cacagtggtg caacagaaaa 1260
ggagagtgct ggtaggtaac gctgaggcgg tgaagaaaga gaggtcagac ggacctggag 1320
gtggcttttt aactggtaaa gagtgaggtc tttcatgccc atcaatctga gcaccgactt 1380
gggtgttgcect cctgttcgca ggaagcacaa gaaatggtca gtactccaca ccataagcat 1440
gteggtggtyg tgttggannn nnnnnnnnnn NNNNNNNNNN NNNANNNNNN ANnhhnnnnn 1500
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1560
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1620
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1680
NNNNNNNNNN NNNNNNNANNN NANNNNNNNN NNNNNNNNANN NNNANNNNNN NNNnhnnaaa 1740
aaaaaaaaaa aaaaaagaat gcacaccgac atgctctgta gcacaagcac catactggceg 1800
aactggagag gtctcggctce atcaagcaat cgccttggtg tcggacgggg tcatcaagac 1860
aagacgacta gacgagcact acatatagac gggaacgtac gggaggaagyg aaggaaaacg 1920
agagcgagga ctcactgtcecc ggtccgecca gcttggtgac ggcgtcgacg aagcgcetggt 1980
ggaggtcegyg cgtecagege agecgegget tggggtecceyg tgacgecgec cegtegtage 2040
cgtagctecce ctgcatcgte gttecttect ggcgatcecgece gettectage tatccecggtgg 2100
ccaaagacac ggctagtggt aggctcgagt gagacgagct cttgctgaag agagaatgaa 2160
tgtaacgtta ccgcctecetg gtegtaggtg taataagttg taacgcgage gtcgttagcea 2220
agcacagggg tttgtgtatg tgaggacaag aggaggageg agaggaggag cgcagagcgt 2280
ggcggggaag gagggcgtca tgtgtgcgag gaatctagga cgacttgttg gcacttggca 2340
getgggeegy ggtgcgtgeg agatgcaatg caagaacaaa gcggacgggce atcacgecte 2400
caggtccaac ccgggggege cactcggecg cegetcattyg aggceccagge gccaagacgg 2460
cggctecace cacatcacaa ttggcaacaa gaagcacacyg gcetggggttyg ggacgegteg 2520
aatttttcac cagaaaatac cgtctgatcce tggecgttteg tcagatgcta tgctacgtga 2580
acggcaaaac ctagcagcag cagcagcact cagactggac aagaggaggyg aaatctttge 2640
gtgggaacca aactgaacgc gaatcgcacg agtcggatga catatccteg tecggagegyg 2700
actcgaccge gagtccaget gtggetgegg aatattcegg cggaagcegeyg gggagaacga 2760
cggeggecte cggtgggace cggggcgage gggagatgeg gcgaagatgt tceggegetga 2820
tgtcgetgga atattcgege cagctgtgge tgceggtgtg acctgctgac cagacgacca 2880
gtggcagtgg ccaccgcecte tccatcacag attcgecggac gattagccga gactaatcege 2940
tattctcaac acttttaaaa ccgtgcgtge agaatgctaa gggcgcgttce gtttgcacag 3000
caatagacat ggatttattt cagctcatca aaatctatat aaattaaaga agtaatccgg 3060
ctagaaatta atccggagct tcaatcccta acaaccgaac agggtctaag cctgctagat 3120
tcgagcatct gegtgactet actttggcte ttetegtacg atgcgacttg acgatgcatt 3180
tgggnnnnce nttagcgaca ctctcectgat tagtcccacg gaaacgcaac tctaccacta 3240
tcagcecgecg 3250

<210> SEQ ID NO 214
<211> LENGTH: 3653

<212> TYPE:

DNA

<213> ORGANISM: Zea mays
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<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (2001)..(2142)
<223> OTHER INFORMATION: n is unknown
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3588)..(3595
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 214
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaaa tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaac 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettctatat atggaagttt gcatacaaag tttttgaaat aaaatggaat agaaattget 360
tgcatttagt gtaagttaat actagctccg ttctcgaata tttgtcgtee gctagttcat 420
ttttgaacta aaacacgaca aataaaaaaa cggaaggagt acatgtttgt aacaggtgag 480
ccectgaata cttgettgta acaggtggag cactaagtat gcettagaact ttaggcaact 540
tgtattcttt agcacttcga cgccgtttgt atggtaatat ctactgatag acagaatcct 600
ggttttggat ttttttttta tttttcctgt ttttggttac acctctacag tcccatactce 660
gcagtccaat aatacatggt ctgataataa accaattaag aaggactcat gtctcagtca 720
ttaggctgtc tccaacaacg tcecctctatat tcatcctceta tatctgtcect ttacagtcecte 780
ctctaaaaaa tttcatccta tatatctcat ttetctccaa caacgtccte taaatcacgt 840
cctctatact caaatactca tattaaagac attttttaat tttatttttt atacatacgt 900
aattatcata ctctcaaatg tattgtgcat attttagttt tgctaaaccg gttatttaaa 960

gtagtcaaat ggatagagga ccgtttagag aaactctata tatagagaat tcagcagcgt 1020
cctctaaatt taaaggaccg tttagaggac gttgctggag agcgtagagg accgtttggt 1080
cctctatatt tagggtagag aaccctttag ggggccttgt tggagccage cttatgactt 1140
gagcatagga gttgagatca agaaatatgt gagttgcagc ttaaggttca gagaggaaat 1200
cceccatacac ttgcttgtaa cggtatgatc atatcttttc aaggtaacat tttctagcat 1260
cttcagetgt ctacttgact gaatgcagta tatattagtt gtaataaata ctgcccttcet 1320
gctgtgcaca aaaggcgggt attaccactt gcagaaattt gtcgggtaaa ggtaattgece 1380
agttaccttg tgttcttecee ttgatcagga acacctggag gaggatgcgce tgtggttgaa 1440
ccgaagecct gtgagegaag tactgatgac agaaagageg gaagataaga taagaaagga 1500
acccttgege ggcaaggect ggtgacatag aggtagtgceg aggctcatac cgccgccgcet 1560
ggcaggttec aggcctgtge ttttecttgece ctgtatccec agtctatact tctgegcaca 1620
tcagacgagc ctcagtgttt cggcacagtg gtgcaacaga aaaggagagt gctggtaggt 1680
aacgctgagg cggtgaagaa agagaggtca gacggacctg gaggtggctt tttaactggt 1740
aaagagtgag gtctttcatg cccatcaatc tgagcaccga cttgggtgtt gectectgtte 1800
gcaggaagca caagaaatgg tcagtactcc acagcgtagg catgtcecggtg gtgtgttgga 1860
ggaggcaaga ttcagatgat tattatatga gctcgaaaag ctagagaatg gatgttcaga 1920

cttgagagct ctgatttgag aggaattgca cttgtcgttt tcccaaggcg acgcggcctt 1980

tttccagagt tttttttttt nnnnnnnnnn nnnnnnhhnn NNNNNNNNINN hhnnhnnnnn 2040
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NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 2100
NNNNNNNNNN hhnnnnnnnn nnnnnnnnnn NNDNNNNNNN hhaaaaaaaa aaaaaaaaag 2160
aatgcacacc gacatgctct gtagcacaag caccatactg gcgaactgga gaggtctcegg 2220
ctcatcaagc aatcgccttg gtgtcggacg gggtcatcaa gacaagacga ctagacgagc 2280
actacatata gacgggaacg tacgggagga aggaaggaaa acgagagcga ggactcactg 2340
tceggtecge ccagettggt gacggcegtceg acgaagcegct ggtggaggte cggcgtcecag 2400
cgcagcecegeg gettggggte cegtgacgcee gceccccgtegt agceccgtaget cccctgcatce 2460
gtcgtteett cctggecgate gcegecttect agctatccgg tggccaaaga cacggctagt 2520
ggtaggctceg agtgagacga gctcecttgetg aagagagaat gaatgtaacg ttaccgectce 2580
ctggtcgtag gtgtaataag ttgtaacgcg agcgtcgtta gcaagcacag gggtttgtgt 2640
atgtgaggac aagaggagga gcgagaggag gdagcgcagag cgtggcgggg aaggagggceyg 2700
tcatgtgtgce gaggaatcta ggacgacttg ttggcacttg gcagctgggce cggggtgegt 2760
gcgagatgca atgcaagaac aaagcggacg ggcatcacge ctecaggtcec aaccceggggyg 2820
cgccactegg ccgecgetca ttgaggecca ggcgccaaga cggeggcetece acccacatca 2880
caattggcaa caagaagcac acggctgggg ttgggacgcg tcgaattttt caccagaaaa 2940
taccgtetga tecctggegtt tegtcagatg ctatgctacg tgaacggcaa aacctagcag 3000
cagcagcagce actcagactg gacaagagga gggaaatctt tgcgtgggaa ccaaactgaa 3060
cgcgaatcege acgagtcgga tgacatatcce tegtcecggag cggactcgac cgcgagtcca 3120
getgtggetyg cggaatatte cggeggaage geggggagaa cgacggeggce cteeggtggyg 3180
acccggggceg agcgggagat geggcgaaga tgttcecggege tgatgtcget ggaatattceg 3240
cgccagetgt ggcetgecggt gtgacctget gaccagacga ccagtggcag tggecaccge 3300
ctcteccatca cagattcgeg gacgattage cgagactaat cgctattctce aacactttta 3360
aaaccgtgeg tgcagaatgce taagggcgcg ttegtttgca cagcaataga catggattta 3420
tttcagctca tcaaaatcta tataaattaa agaagtaatc cggctagaaa ttaatccgga 3480
gcttcaatee ctaacaaccg aacagggtct aagcctgcta gattcgagca tctgcgtgac 3540
tctactttgg ctcttctegt acgatgcgac ttgacgatge atttgggnnn nnnnntagcg 3600
acactctcct gattagtcecce acggaaacgc aactctacca ctatcagccg ccg 3653
<210> SEQ ID NO 215
<211> LENGTH: 3586
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (2001)..(2139
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 215
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaaa tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaac 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettctatat atggaagttt gcatacaaag tttttgaaat aaaatggaat agaaattget 360
tgcatttagt gtaagttaat actagctccg ttctcgaata tttgtcgtee gctagttcat 420
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ttttgaacta aaacacgaca aataaaaaaa cggaaggagt acatgtttgt aacaggtgag 480
ccectgaata cttgettgta acaggtggag cactaagtat gcettagaact ttaggcaact 540
tgtattcttt agcacttcga cgccgtttgt atggtaatat ctactgatag acagaatcct 600
ggttttggat ttttttttta tttttcctgt ttttggttac acctctacag tcccatactce 660
gcagtccaat aatacatggt ctgataataa accaattaag aaggactcat gtctcagtca 720
ttaggctgtc tccaacaacg tcecctctatat tcatcctceta tatctgtcect ttacagtcecte 780
ctctaaaaaa tttcatccta tatatctcat ttetctccaa caacgtccte taaatcacgt 840
cctctatact caaatactca tattaaagac attttttaat tttatttttt atacatacgt 900
aattatcata ctctcaaatg tattgtgcat attttagttt tgctaaaccg gttatttaaa 960
gtagtcaaat ggatagagga ccgtttagag aaactctata tatagagaat tcagcagcgt 1020
cctctaaatt taaaggaccg tttagaggac gttgctggag agcgtagagg accgtttggt 1080
cctctatatt tagggtagag aaccctttag ggggccttgt tggagccage cttatgactt 1140
gagcatagga gttgagatca agaaatatgt gagttgcagc ttaaggttca gagaggaaat 1200
cceccatacac ttgcttgtaa cggtatgatc atatcttttc aaggtaacat tttctagcat 1260
cttcagetgt ctacttgact gaatgcagta tatattagtt gtaataaata ctgcccttcet 1320
gctgtgcaca aaaggcgggt attaccactt gcagaaattt gtcgggtaaa ggtaattgece 1380
agttaccttg tgttcttecee ttgatcagga acacctggag gaggatgcgce tgtggttgaa 1440
ccgaagecct gtgagegaag tactgatgac agaaagageg gaagataaga taagaaagga 1500
acccttgege ggcaaggect ggtgacatag aggtagtgceg aggctcatac cgccgccgcet 1560
ggcaggttec aggcctgtge ttttecttgece ctgtatccec agtctatact tctgegcaca 1620
tcagacgagc ctcagtgttt cggcacagtg gtgcaacaga aaaggagagt gctggtaggt 1680
aacgctgagg cggtgaagaa agagaggtca gacggacctg gaggtggctt tttaactggt 1740
aaagagtgag gtctttcatg cccatcaatc tgagcaccga cttgggtgtt gectectgtte 1800
gcaggaagca caagaaatgg tcagtactcc acagcgtagg catgtcecggtg gtgtgttgga 1860
ggaggcaaga ttcagatgat tattatatga gctcgaaaag ctagagaatg gatgttcaga 1920
cttgagagct ctgatttgag aggaattgca cttgtcgttt tcccaaggcg acgcggcctt 1980
ttteccagagt tttttttttt nnnnnnnnnn nnnnnnnnnn MNONNNNNNN NNANNNNNND 2040
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 2100
NNNNNNNNNN hhnnnnnnnn nnnnnnnnnn NNnnnNnnna aaaaaaaaaa aaaaaaaaag 2160
aatgcacacc gacatgctct gtagcacaag caccatactg gcgaactgga gaggtctcegg 2220
ctcatcaagc aatcgccttg gtgtcggacg gggtcatcaa gacaagacga ctagacgagc 2280
actacatata gacgggaacg tacgggagga aggaaggaaa acgagagcga ggactcactg 2340
tceggtecge ccagettggt gacggcegtceg acgaagcegct ggtggaggte cggcgtcecag 2400
cgcagcecegeg gettggggte cegtgacgcee gceccccgtegt agceccgtaget cccctgcatce 2460
gtcgtteett cctggecgate gcegecttect agctatccgg tggccaaaga cacggctagt 2520
ggtaggctceg agtgagacga gctcecttgetg aagagagaat gaatgtaacg ttaccgectce 2580
ctggtcgtag gtgtaataag ttgtaacgcg agcgtcgtta gcaagcacag gggtttgtgt 2640
atgtgaggac aagaggagga gcgagaggag gdagcgcagag cgtggcgggg aaggagggceyg 2700
tcatgtgtgce gaggaatcta ggacgacttg ttggcacttg gcagctgggce cggggtgegt 2760
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gcgagatgca atgcaagaac aaagcggacg ggcatcacge ctecaggtcec aaccceggggyg 2820
cgccactegg ccgecgetca ttgaggecca ggcgccaaga cggeggcetece acccacatca 2880
caattggcaa caagaagcac acggctgggg ttgggacgcg tcgaattttt caccagaaaa 2940
taccgtetga tecctggegtt tegtcagatg ctatgctacg tgaacggcaa aacctagcag 3000
cagcagcagce actcagactg gacaagagga gggaaatctt tgcgtgggaa ccaaactgaa 3060
cgcgaatcege acgagtcgga tgacatatcce tegtcecggag cggactcgac cgcgagtcca 3120
getgtggetyg cggaatatte cggeggaage geggggagaa cgacggeggce cteeggtggyg 3180
acccggggceg agcgggagat geggcgaaga tgttcecggege tgatgtcget ggaatattceg 3240
cgccagetgt ggcetgecggt gtgacctget gaccagacga ccagtggcag tggecaccge 3300
ctcteccatca cagattcgeg gacgattage cgagactaat cgctattctce aacactttta 3360
aaaccgtgeg tgcagaatgce taagggcgcg ttegtttgca cagcaataga catggattta 3420
tttcagctca tcaaaatcta tataaattaa agaagtaatc cggctagaaa ttaatccgga 3480
gcttcaatee ctaacaaccg aacagggtct aagcctgcta gattcgagca tctgcgtgac 3540
tctactttgg ctcttcectegt acgatgcgac ttgacgatge atttgg 3586
<210> SEQ ID NO 216

<211> LENGTH: 3588

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2000)..(2143)

<223> OTHER INFORMATION: n is unknown

<400> SEQUENCE: 216

tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaaa tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaac 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettctatat atggaagttt gcatacaaag tttttgaaat aaaatggaat agaaattget 360
tgcatttagt gtaagttaat actagctccg ttctcgaata tttgtcgtee gctagttcat 420
ttttgaacta aaacacgaca aataaaaaaa cggaaggagt acatgtttgt aacaggtgag 480
ccectgaata cttgettgta acaggtggag cactaagtat gcettagaact ttaggcaact 540
tgtattcttt agcacttcga cgccgtttgt atggtaatat ctactgatag acagaatcct 600
ggttttggat ttttttttta tttttcctgt ttttggttac acctctacag tcccatactce 660
gcagtccaat aatacatggt ctgataataa accaattaag aaggactcat gtctcagtca 720
ttaggctgtc tccaacaacg tcecctctatat tcatcctceta tatctgtcect ttacagtcecte 780
ctctaaaaaa tttcatccta tatatctcat ttetctccaa caacgtccte taaatcacgt 840
cctctatact caaatactca tattaaagac attttttaat tttatttttt atacatacgt 900
aattatcata ctctcaaatg tattgtgcat attttagttt tgctaaaccg gttatttaaa 960

gtagtcaaat ggatagagga ccgtttagag aaactctata tatagagaat tcagcagcgt 1020

cctctaaatt taaaggaccg tttagaggac gttgctggag agcgtagagg accgtttggt 1080

cctctatatt tagggtagag aaccctttag ggggccttgt tggagccage cttatgactt 1140

gagcatagga gttgagatca agaaatatgt gagttgcagc ttaaggttca gagaggaaat 1200
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cceccatacac ttgcttgtaa cggtatgatc atatcttttc aaggtaacat tttctagcat 1260
cttcagetgt ctacttgact gaatgcagta tatattagtt gtaataaata ctgcccttcet 1320
gctgtgcaca aaaggcgggt attaccactt gcagaaattt gtcgggtaaa ggtaattgece 1380
agttaccttg tgttcttecee ttgatcagga acacctggag gaggatgcgce tgtggttgaa 1440
ccgaagecct gtgagegaag tactgatgac agaaagageg gaagataaga taagaaagga 1500
acccttgege ggcaaggect ggtgacatag aggtagtgceg aggctcatac cgccgccgcet 1560
ggcaggttec aggcctgtge ttttecttgece ctgtatccec agtctatact tctgegcaca 1620
tcagacgagc ctcagtgttt cggcacagtg gtgcaacaga aaaggagagt gctggtaggt 1680
aacgctgagg cggtgaagaa agagaggtca gacggacctg gaggtggctt tttaactggt 1740
aaagagtgag gtctttcatg cccatcaatc tgagcaccga cttgggtgtt gectectgtte 1800
gcaggaagca caagaaatgg tcagtactcc acagcgtagg catgtcecggtg gtgtgttgga 1860
ggaggcaaga ttcagatgat tattatatga gctcgaaaag ctagagaatg gatgttcaga 1920
cttgagagct ctgatttgag aggaattgca cttgtcgttt tcccaaggcg acgcggcctt 1980
ttteccagagt tttttttttn nnnnnnnnnn nnnnnnnnonn NNONDNINNNN NNANNNNNND 2040
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 2100
NNNNNNNNNN hhnnnnnnnn nnnnnnnnnn NNDNNNNNNN hnnaaaaaaa aaaaaaaaag 2160
aatgcacacc gacatgctct gtagcacaag caccatactg gcgaactgga gaggtctcegg 2220
ctcatcaagc aatcgccttg gtgtcggacg gggtcatcaa gacaagacga ctagacgagc 2280
actacatata gacgggaacg tacgggagga aggaaggaaa acgagagcga ggactcactg 2340
tceggtecge ccagettggt gacggcegtceg acgaagcegct ggtggaggte cggcgtcecag 2400
cgcagcecegeg gettggggte cegtgacgcee gceccccgtegt agceccgtaget cccctgcatce 2460
gtcgtteett cctggecgate gcegecttect agctatccgg tggccaaaga cacggctagt 2520
ggtaggctceg agtgagacga gctcecttgetg aagagagaat gaatgtaacg ttaccgectce 2580
ctggtcgtag gtgtaataag ttgtaacgcg agcgtcgtta gcaagcacag gggtttgtgt 2640
atgtgaggac aagaggagga gcgagaggag gdagcgcagag cgtggcgggg aaggagggceyg 2700
tcatgtgtgce gaggaatcta ggacgacttg ttggcacttg gcagctgggce cggggtgegt 2760
gcgagatgca atgcaagaac aaagcggacg ggcatcacge ctecaggtcec aaccceggggyg 2820
cgccactegg ccgecgetca ttgaggecca ggcgccaaga cggeggcetece acccacatca 2880
caattggcaa caagaagcac acggctgggg ttgggacgcg tcgaattttt caccagaaaa 2940
taccgtetga tecctggegtt tegtcagatg ctatgctacg tgaacggcaa aacctagcag 3000
cagcagcagce actcagactg gacaagagga gggaaatctt tgcgtgggaa ccaaactgaa 3060
cgcgaatcege acgagtcgga tgacatatcce tegtcecggag cggactcgac cgcgagtcca 3120
getgtggetyg cggaatatte cggeggaage geggggagaa cgacggeggce cteeggtggyg 3180
acccggggceg agcgggagat geggcgaaga tgttcecggege tgatgtcget ggaatattceg 3240
cgccagetgt ggcetgecggt gtgacctget gaccagacga ccagtggcag tggecaccge 3300
ctcteccatca cagattcgeg gacgattage cgagactaat cgctattctce aacactttta 3360
aaaccgtgeg tgcagaatgce taagggcgcg ttegtttgca cagcaataga catggattta 3420
tttcagctca tcaaaatcta tataaattaa agaagtaatc cggctagaaa ttaatccgga 3480
gcttcaatee ctaacaaccg aacagggtct aagcctgcta gattcgagca tctgcgtgac 3540
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tctactttgg ctcttctegt acgatgcgac ttgacgatge atttgggce 3588
<210> SEQ ID NO 217
<211> LENGTH: 3548
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1866)..(2143)
<223> OTHER INFORMATION: n is unknown
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3483)..(3489
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 217
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaaa tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaac 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettctatat atggaagttt gcatacaaag tttttgaaat aaaatggaat agaaattget 360
tgcatttagt gtaagttaat actagctccg ttctcgaata tttgtcgtee gctagttcat 420
ttttgaacta aaacacgaca aataaaaaaa cggaaggagt acatgtttgt aacaggtgag 480
ccectgaata cttgettgta acaggtggag cactaagtat gcettagaact ttaggcaact 540
tgtattcttt agcacttcga cgccgtttgt atggtaatat ctactgatag acagaatcct 600
ggttttggat ttttttttta tttttcctgt ttttggttac acctctacag tcccatactce 660
gcagtccaat aatacatggt ctgataataa accaattaag aaggactcat gtctcagtca 720
ttaggctgtc tccaacaacg tcecctctatat tcatcctceta tatctgtcect ttacagtcecte 780
ctctaaaaaa tttcatccta tatatctcat ttetctccaa caacgtccte taaatcacgt 840
cctctatact caaatactca tattaaagac attttttaat tttatttttt atacatacgt 900
aattatcata ctctcaaatg tattgtgcat attttagttt tgctaaaccg gttatttaaa 960

gtagtcaaat ggatagagga ccgtttagag aaactctata tatagagaat tcagcagcgt 1020
cctctaaatt taaaggaccg tttagaggac gttgctggag agcgtagagg accgtttggt 1080
cctctatatt tagggtagag aaccctttag ggggccttgt tggagccage cttatgactt 1140
gagcatagga gttgagatca agaaatatgt gagttgcagc ttaaggttca gagaggaaat 1200
cceccatacac ttgcttgtaa cggtatgatc atatcttttc aaggtaacat tttctagcat 1260
cttcagetgt ctacttgact gaatgcagta tatattagtt gtaataaata ctgcccttcet 1320
gctgtgcaca aaaggcgggt attaccactt gcagaaattt gtcgggtaaa ggtaattgece 1380
agttaccttg tgttcttecee ttgatcagga acacctggag gaggatgcgce tgtggttgaa 1440
ccgaagecct gtgagegaag tactgatgac agaaagageg gaagataaga taagaaagga 1500
acccttgege ggcaaggect ggtgacatag aggtagtgceg aggctcatac cgccgccgcet 1560
ggcaggttec aggcctgtge ttttecttgece ctgtatccec agtctatact tctgegcaca 1620
tcagacgagc ctcagtgttt cggcacagtg gtgcaacaga aaaggagagt gctggtaggt 1680
aacgctgagg cggtgaagaa agagaggtca gacggacctg gaggtggctt tttaactggt 1740
aaagagtgag gtctttcatg cccatcaatc tgagcaccga cttgggtgtt gectectgtte 1800

gcaggaagca caagaaatgg tcagtactcc acagcgtagg catgtcecggtg gtgtgttgga 1860
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nnnnnnnnnn

nnnnnnnnnn

aatgcagacc

ctcatcaage

actacatata

tceggtecge

cgcagecgeg

geegttectt

ggtaggctcg

ctggtegtag

cgtggcgggyg

ggecggggty

cgcttecaag

agacggcggce

gegtcegaatt

tagcagcage

ctctacggeyg

ggcggectee

gtcgetggaa

tggcagtggc

tccaacatcce

tttaaaaccyg

tgtttctcta

aaacgaacaa

cgnnnnnnnt

agcegecg

gacatgctet

aatcgecttyg

gacgggaacg

ccagettggt

gCttggggtC

cctggegate

agcgagacga

gggtgtgtgt

aaggagggeg

cgtgcgagat

tccateceggy

tccacccacy

tttcaccaga

agcagcattce

agtccagetyg

ggtgggaccc

tattcgegec

caccgectet

atcacagatt

tacgtgcaaa

atttatataa

aacctgctag

ggcegttecte

<210> SEQ ID NO 218
<211> LENGTH: 3548

<212> TYPE:

DNA

gtagcacaag

gtgtcggacg

tacgggagga

gangCgth

cegtgacgec

geegeteect

getettggty

atgtgaggac

tcatgtgtge

gcaatgcaag

gggegecact

tcacaattgg

aaataccgtce

cacgggtcgg

tggctgcgga

dgggcegagceyg

agctgtgget

cectettget

ggcggacgat

atgctaaggg

gttttgatta

attcgagcat

tagcgtcact

<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<400> SEQUENCE: 218

(2003) ..(2144)

(3446) ..(3446)

(3490) .. (3490)

caccatactg

gggtcatcaa

aggaaggaaa

acgaagcgcet

geceegtegt

agctatcegyg

aagagagaat

aagaggagga

gaggaatcta

aacaaagcgg

cggecgecge

caacaagaag

tgatcctgge

atgacatatc

atattccgge

ggagatgcgg

gccggtgcga

gttggagttg

tagccgagac

geegttegtt

getgtattga

ctgegtgact

ttcecceccgga

n is unknown

n is unknown

n is unknown

nnnaaaaaaa aaaaaaaaag
gegaactgga gaggtctegg
gacaagacga ctagacgagc
acgagagcga ggactcactg
ggtggaggtc cggcgtecag
agcecgtaget ccectgeate
tggccaaaga cacggctagt
gaatgtaacg ttaccgccte
gegagaggag gagcgcagag
ggacgacttg ttggcagetg
acgggcatct cgcteggeca
tcattgagge ccaggcgeca
cacacggcetyg gggetgggac
gtttegtgaa cggcaaaacc
atatcctegt geggagcegga
ggaagegegg ggagagcegac
cgaagatgtt cggcgcetgat
cctgetgace agacgaccaa
gatccacgga ccactctcca
taatcgctat tctcaacact
tcttageegyg aatggeggtt
ttcctgatce aattctgaac
ctactttgge ccttetegta

aacgcaactc taccactatce

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3548
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tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaaa tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaac 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettctatat atggaagttt gcatacaaag tttttgaaat aaaatggaat agaaattget 360
tgcatttagt gtaagttaat actagctccg ttctcgaata tttgtcgtee gctagttcat 420
ttttgaacta aaacacgaca aataaaaaaa cggaaggagt acatgtttgt aacaggtgag 480
ccectgaata cttgettgta acaggtggag cactaagtat gcettagaact ttaggcaact 540
tgtattcttt agcacttcga cgccgtttgt atggtaatat ctactgatag acagaatcct 600
ggttttggat ttttttttta tttttcctgt ttttggttac acctctacag tcccatactce 660
gcagtccaat aatacatggt ctgataataa accaattaag aaggactcat gtctcagtca 720
ttaggctgtc tccaacaacg tcecctctatat tcatcctceta tatctgtcect ttacagtcecte 780
ctctaaaaaa tttcatccta tatatctcat ttetctccaa caacgtccte taaatcacgt 840
cctctatact caaatactca tattaaagac attttttaat tttatttttt atacatacgt 900
aattatcata ctctcaaatg tattgtgcat attttagttt tgctaaaccg gttatttaaa 960

gtagtcaaat ggatagagga ccgtttagag aaactctata tatagagaat tcagcagcgt 1020
cctctaaatt taaaggaccg tttagaggac gttgctggag agcgtagagg accgtttggt 1080
cctctatatt tagggtagag aaccctttag ggggccttgt tggagccage cttatgactt 1140
gagcatagga gttgagatca agaaatatgt gagttgcagc ttaaggttca gagaggaaat 1200
cceccatacac ttgcttgtaa cggtatgatc atatcttttc aaggtaacat tttctagcat 1260
cttcagetgt ctacttgact gaatgcagta tatattagtt gtaataaata ctgcccttcet 1320
gctgtgcaca aaaggcgggt attaccactt gcagaaattt gtcgggtaaa ggtaattgece 1380
agttaccttg tgttcttecee ttgatcagga acacctggag gaggatgcgce tgtggttgaa 1440
ccgaagecct gtgagegaag tactgatgac agaaagageg gaagataaga taagaaagga 1500
acccttgege ggcaaggect ggtgacatag aggtagtgceg aggctcatac cgccgccgcet 1560
ggcaggttec aggcctgtge ttttecttgece ctgtatccec agtctatact tctgegcaca 1620
tcagacgagc ctcagtgttt cggcacagtg gtgcaacaga aaaggagagt gctggtaggt 1680
aacgctgagg cggtgaagaa agagaggtca gacggacctg gaggtggctt tttaactggt 1740
aaagagtgag gtctttcatg cccatcaatc tgagcaccga cttgggtgtt gectectgtte 1800
gcaggaagca caagaaatgg tcagtactcc acagcgtagg catgtcecggtg gtgtgttgga 1860
ggaggcaaga ttcagatgat tattatatga gctcgaaaag ctagagaatg gatgttcaga 1920

cttgagagct ctgatttgag aggaattgca cttgtcgttt tcccaaggcg acgcggcctt 1980

tttccagagt tttttttttt ttnnnnnnnn nnnnnnhhnn NNNNNNNNNN hhnnhnnnnn 2040
NnNnNNNNNNnn NnNNNANNANN ANNnNNnnnn NNANNNANNN hNNNhnNNnn hnnnnnnnnn 2100
nNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNANNNNNN Nnnnaaaaaa aaaaaaaaag 2160

aatgcagacc gacatgctct gtagcacaag caccatactg gcgaactgga gaggtctcegg 2220

ctcatcaagc aatcgccttg gtgtcggacg gggtcatcaa gacaagacga ctagacgagc 2280

actacatata gacgggaacg tacgggagga aggaaggaaa acgagagcga ggactcactg 2340

tceggtecge ccagettggt gacggcegtceg acgaagcegct ggtggaggte cggcgtcecag 2400
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cgcagcecegeg gettggggte cegtgacgcee gceccccgtegt agceccgtaget cccctgcatce 2460
gcecgttectt cectggecgate gcegecteecct agctatccecgg tggccaaaga cacggctagt 2520
ggtaggctceg agcgagacga gctcecttggtg aagagagaat gaatgtaacg ttaccgectce 2580
ctggtegtag gggtgtgtgt atgtgaggac aagaggagga gcgagaggayg gagcgcagag 2640
cgtggegggg aaggagggcg tcatgtgtge gaggaatcta ggacgacttg ttggcagetg 2700
ggceggggty cgtgcgagat gcaatgcaag aacaaagcgg acgggcatct cgeteggeca 2760
cgcettecaag tccatceggg gggcgecact cggecgeege tcattgagge ccaggegceca 2820
agacggcgge tccacccacg tcacaattgg caacaagaag cacacggctyg gggctgggac 2880
gcgtecgaatt tttcaccaga aaataccgtce tgatcctgge gtttcecgtgaa cggcaaaacce 2940
tagcagcagc agcagcattc cacgggtcgg atgacatatc atatcctcecgt geggagcgga 3000
ctctacggeg agtccagetg tggctgegga atattcecgge ggaagcegegyg ggagagcgac 3060
ggeggectee ggtgggacce ggggcgageg ggagatgegg cgaagatgtt cggegetgat 3120
gtcgectggaa tattcgegcee agetgtgget geccggtgcga cctgctgacce agacgaccaa 3180
tggcagtggce caccgcctet cectettgcet gttggagttg gatccacgga ccactctceca 3240
tccaacatce atcacagatt ggcggacgat tagccgagac taatcgctat tcetcaacact 3300
tttaaaaccg tacgtgcaaa atgctaaggg gccgttegtt tecttageccgg aatggceggtt 3360
tgtttctcta atttatataa gttttgatta gctgtattga ttcctgatcce aattctgaac 3420
aaacgaacaa aacctgctag attcgngcat ctgcgtgact ctactttgge ccttctegta 3480
cgagcttttn ggcgttceccte tagcgtcact tteccccecgga aacgcaactce taccactatce 3540
agecgecyg 3548
<210> SEQ ID NO 219
<211> LENGTH: 3482
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (2003)..(2143)
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 219
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaaa tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaac 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettctatat atggaagttt gcatacaaag tttttgaaat aaaatggaat agaaattget 360
tgcatttagt gtaagttaat actagctccg ttctcgaata tttgtcgtee gctagttcat 420
ttttgaacta aaacacgaca aataaaaaaa cggaaggagt acatgtttgt aacaggtgag 480
ccectgaata cttgettgta acaggtggag cactaagtat gcettagaact ttaggcaact 540
tgtattcttt agcacttcga cgccgtttgt atggtaatat ctactgatag acagaatcct 600
ggttttggat ttttttttta tttttcctgt ttttggttac acctctacag tcccatactce 660
gcagtccaat aatacatggt ctgataataa accaattaag aaggactcat gtctcagtca 720
ttaggctgtc tccaacaacg tcecctctatat tcatcctceta tatctgtcect ttacagtcecte 780
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ctctaaaaaa tttcatccta tatatctcat ttetctccaa caacgtccte taaatcacgt 840
cctctatact caaatactca tattaaagac attttttaat tttatttttt atacatacgt 900
aattatcata ctctcaaatg tattgtgcat attttagttt tgctaaaccg gttatttaaa 960

gtagtcaaat ggatagagga ccgtttagag aaactctata tatagagaat tcagcagcgt 1020
cctctaaatt taaaggaccg tttagaggac gttgctggag agcgtagagg accgtttggt 1080
cctctatatt tagggtagag aaccctttag ggggccttgt tggagccage cttatgactt 1140
gagcatagga gttgagatca agaaatatgt gagttgcagc ttaaggttca gagaggaaat 1200
cceccatacac ttgcttgtaa cggtatgatc atatcttttc aaggtaacat tttctagcat 1260
cttcagetgt ctacttgact gaatgcagta tatattagtt gtaataaata ctgcccttcet 1320
gctgtgcaca aaaggcgggt attaccactt gcagaaattt gtcgggtaaa ggtaattgece 1380
agttaccttg tgttcttecee ttgatcagga acacctggag gaggatgcgce tgtggttgaa 1440
ccgaagecct gtgagegaag tactgatgac agaaagageg gaagataaga taagaaagga 1500
acccttgege ggcaaggect ggtgacatag aggtagtgceg aggctcatac cgccgccgcet 1560
ggcaggttec aggcctgtge ttttecttgece ctgtatccec agtctatact tctgegcaca 1620
tcagacgagc ctcagtgttt cggcacagtg gtgcaacaga aaaggagagt gctggtaggt 1680
aacgctgagg cggtgaagaa agagaggtca gacggacctg gaggtggctt tttaactggt 1740
aaagagtgag gtctttcatg cccatcaatc tgagcaccga cttgggtgtt gectectgtte 1800
gcaggaagca caagaaatgg tcagtactcc acagcgtagg catgtcecggtg gtgtgttgga 1860
ggaggcaaga ttcagatgat tattatatga gctcgaaaag ctagagaatg gatgttcaga 1920

cttgagagct ctgatttgag aggaattgca cttgtcgttt tcccaaggcg acgcggcctt 1980

tttccagagt tttttttttt ttnnnnnnnn nnnnnnhhnn NNNNNNNNNN hhnnhnnnnn 2040
NnNnNNNNNNnn NnNNNANNANN ANNnNNnnnn NNANNNANNN hNNNhnNNnn hnnnnnnnnn 2100
NnNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNANNNNNN Nnnaaaaaaa aaaaaaaaag 2160

aatgcagacc gacatgctct gtagcacaag caccatactg gcgaactgga gaggtctcegg 2220
ctcatcaagc aatcgccttg gtgtcggacg gggtcatcaa gacaagacga ctagacgagc 2280
actacatata gacgggaacg tacgggagga aggaaggaaa acgagagcga ggactcactg 2340
tceggtecge ccagettggt gacggcegtceg acgaagcegct ggtggaggte cggcgtcecag 2400
cgcagcecegeg gettggggte cegtgacgcee gceccccgtegt agceccgtaget cccctgcatce 2460
gcecgttectt cectggecgate gcegecteecct agctatccecgg tggccaaaga cacggctagt 2520
ggtaggctceg agcgagacga gctcecttggtg aagagagaat gaatgtaacg ttaccgectce 2580
ctggtegtag gggtgtgtgt atgtgaggac aagaggagga gegagaggag gagcgcagag 2640
cgtggegggg aaggagggcg tcatgtgtge gaggaatcta ggacgacttg ttggcagetg 2700
ggceggggty cgtgegagat gcaatgcaag aacaaagegg acgggcatct cgeteggeca 2760
cgcttecaag tccateceggg gggegecact cggecgecge tcattgagge ccaggegeca 2820
agacggcgge tccacccacg tcacaattgg caacaagaag cacacggetyg gggcetgggac 2880
gcgtecgaatt tttcaccaga aaataccgtce tgatcctgge gtttcecgtgaa cggcaaaacce 2940
tagcagcagc agcagcattc cacgggtcgg atgacatatc atatcctcecgt geggagcgga 3000
ctctacggeg agtccagetyg tggetgegga atatteegge ggaagegegyg ggagagcegac 3060
ggeggectee ggtgggaccee ggggcgageyg ggagatgegg cgaagatgtt cggegetgat 3120

gtcgectggaa tattcgegcee agetgtgget geccggtgcga cctgctgacce agacgaccaa 3180
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tggcagtgge
tccaacatcce
tttaaaaccg
tgtttctcta

aaacgaacaa

cg

caccgectet
atcacagatt
tacgtgcaaa
atttatataa

aacctgctag

<210> SEQ ID NO 220
<211> LENGTH: 2977

<212> TYPE:

DNA

cectettget

ggcggacgat

atgctaaggg

gttttgatta

attcgagcat

<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<400> SEQUENCE: 220

tcgeatctge

agaaagtttt

tcttgtagtt

ctgattcaca

aaaataaaat

gectctatat

tgcatttagt

ttttgaacta

gecectgaat

aacttgtatt

tceotggtttt

tcgcagtega

tatgacttga

gaggaaacce

tctagecatct

geeccttetge

taattgccag

tggttgaact

agaaaggaaa

geegeegety

ctgegeacat

ctggtaggta

ttaactggta

ctecetgtteg

tgtgttggag

agettetttt

ggagtgcaga

tcctttggac

taagaaatgc

gggcccactyg

atggaagttt

gtaagttaat

aaacacgaca

acttgettgt

ctttagcact

ggaatttttt

ataatacatg

gcataggagt

ccatacactt

tcagctgtet

tgtgcacaaa

ttaccttgtyg

gaagccctge

ceecttgegeyg

gcaggtteca

cagacgagceg

acgctgagge

aagagtgagg

caggaagcac

gaggcaagat

(1593) ..(1739)

(2846) ..(2846)

gcacctgatt

tctcatgaca

ttgaatttga

gatacaaatg

cagtcaatta

gcatacaaag

accecgeteeg

aataaaaaaa

aacaggtgga

tcgacgeegt

tatttttecct

gtctgataat

tcagatcgag

gettgtaacy

acttgactga

aggcgggtat

ttcttecectt

gagagaagta

gcagggcctg

ggcetgtget

tcagtgttte

ggtgaagaaa

tcttteatge

aagaaatggt

tcagatgatt

gttggagttyg gatccacgga
tagccgagac taatcgctat
geegttegtt tettagecgg
getgtattga ttectgatcee

ctgegtgact ctactttgge

n is unknown

n is unknown

acagacataa gcacttgtag

atgatgtaaa tctatcttge

taccttagtyg catcgctaag

gttagttcag tcaatgcaga

acaggcattc aacagcattce

ttttggaaat aaaatggaat

ttctcgaata tttgtegect

acggaaggag tacatgtttg

gegetaagta tgcettaggag

ttgtatggta atatctactg

gettttggtt acacctctac

aaaccaatta aggactcatg

aaatatttga gttgcagett

gtatgatcat tttttttgaa

atgcagtata tattagttgt

taccacttgc agaaatttgt

catcaggaac acctggagga

ctgatgacag aaagagcgga

gtgacataga ggtagtgcga

tttettgece tgtatcccca

ggcacagtgg tgcaacagaa

gagaggtcag acggacctgg

ccatcaatct gagcaccgac

cagtactcca cagcgtagge

attatatgag ctcgaaaagc

ccactctcca

tctcaacact

aatggcggtt

aattctgaac

ccttetegta

cgtttatgga

ctcagtttgt

tgctatttet

aaagttcaac

acattcctygyg

agaaattgct

gctagtteat

taacaggaga

aactttaggce

atagacagaa

agtcccatac

tctcagtcat

aaggttcaga

ggtaacattt

aataaatact

cgggtaaagg

ggatgcgctg

agataagata

ggctcatace

gtctatactt

aaggagagtg

aggtggettt

ttgggtgttyg

atgtcggtgg

tagagaatgg

3240

3300

3360

3420

3480

3482

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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atgttcagac ttgagagctc tgatttgaga gaaattgcac ttgtcgtttt cccaaggcga 1560
cgeggecttt tccagaggtt tttttttttt ttnnnnnnnn nnnnnnnnnn hhnnhnnnnn 1620
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1680
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnce 1740
tgaaaaaaaa atgcacaccg acatgctctg tagcacaage accataccgyg cgaactggag 1800
aggtctegge tcatcaagca atcgecttgg tgtecggacgg ggtcatcaag acaaggcgac 1860
tagaggagca ctacatctac acggggtgaa cggacgggag cagtggcgga cccaggaact 1920
gatgacagcc ttggcgagaa tacggtgtga tccccacgec tgtgctegtg ccacgtgetg 1980
cttgctteeg tgcactgtge tegecgecttg cccattgcag ccggcgagece agctcaggcece 2040
accgectgeg gtgectggtyg agtccgeccee tggacgggag gaaggaagga aaacgagagce 2100
gaggactcac tgtccggtce gcccagettg gtgacggcegt cgacgaagcg ctggtggagg 2160
tceggegtee agegecagecg cggcettgggg teccgtgacyg cegecccegte gtagecgtag 2220
ctccectgea tegeegttece ttectggcecga tcegecgetee ctagctatce ggtggccaaa 2280
gacacggcta gtggtaggct cgagcgagac gagctcttge tgaagagaga atgaatgtag 2340
cgttaccgece tectggtegt aggggtgtgg gtatgtgagg acaagaggag gagcgagagg 2400
aggagcgcag agcgtggcegg ggaaggaggg cgtcatgtgt gtgaggaatc taggacgact 2460
tgttggcage tgggecgggyg tgcgtgegag atgcaatgca agaacaaagce ggacgggcat 2520
cacgecteca agtccaacce gggggegeca cteggecgece gcetcattgag gceccaggege 2580
caagacggceg gctccaccca cgtcacaatt ggcaacaaga agcacacggce tggggetggg 2640
acgcgtcegaa tttttcacca gaaaataccg tcggcgtttce gtcagatget atgctacgtg 2700
aacggcaaaa cctagcagca gcagcagcat tcagactgga caagaggagyg gaaatctttg 2760
cgtgggaace aaactgaacg cgaatcgcac gagtcggatg acatatccte gtgeggageg 2820
gactcgaceyg cgagtccage tgtggntgceg gaatattcceg geggaagegce ggggagaacyg 2880
acggeggect ccggtgggac ccggggegag cgggagatge ggcgaagatyg ttceggegetg 2940
atgtcgetgg aatattcgeg ccagetgtgg ctgecgg 2977
<210> SEQ ID NO 221
<211> LENGTH: 3064
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1464)..(1891
<223> OTHER INFORMATION: n is unknown
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3023)..(3023)
<223> OTHER INFORMATION: n is unknown
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3027)..(3027
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 221
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaaggttt ggagtgcaga tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagctcaa tcaatgcaga aaagttcaac 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
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gettctatat atggaagttt gcatacaaag ttttggaaat aaaatggaat ataaattget 360
tgcatttagt gtaagttaat acccgctctg ttctcgaata tttgtcacce gctagttcat 420
ttttgaacta aaacacgaca aataaaaaaa cggaaggagt acatgtttgt aacaggagag 480
ccectgaata cttgettgta acaggtggag cgctaagtat gettaggaga actttaggca 540
acttgtatte tttagcactt cgacgcegtt tgtatggtaa tatctactga tagacagaat 600
cctggttttg gaattttttt tatttttcct gcttttggtt acacctctac agtcccatac 660
tcgcagtcega ataatacatg gtctgataat aaaccaatta aggactcatg tctcagtcat 720
tatgacttga gcataggagt tgagatcaag aaatatttga gttgcagctt aaggttcaga 780
gaggaaatcce ccatacacgt gcttgtaacg gtatggtcat ttttttttca aggtaacatt 840
ttctagcatce ttcagctgte tacttgactg aatgcagtat atattagttg taataaatac 900
tggccttetyg ctgtgcacaa aaggcgggta ttaccacttyg cagaaatttyg tcgggtcaag 960
gtaattgcca gttaccttgt gttectteecct tgatcaggaa cacctggagg aggatgceget 1020
gtggttgaac tgaagccgcce ctgtgagcga agtactgatg acagaaagag cggaagataa 1080
gataagaaag gaacgcttgc gcggcaaggce ctggtgacat agaggtagtg cgaggctcat 1140
accgccgecg ctggcaggtt cgaggcectgt gettttettg cecctgtatce ccagtctata 1200
cttctgegeca catcagacga gectcagtgt tteggcacag tggtgcaaca gaaaaggaga 1260
gtgctggtag gtaacgctga ggcggtgaag aaagagaggt cagacggacc tggaggtgge 1320
tttttaactg gtaaagagtyg aggtctttca tgcccatcaa tctgagcacc gacttgggtg 1380
ttgctecetgt tcgcaggaag cacaagaaat ggtcagtact ccacagcgta ggcatgtegg 1440
tggtgtgttg gaggaggcaa gatnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1500
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1560
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1620
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1680
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1740
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1800
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1860
nnnnnnnnnn nNNNnNnnnnnn nnnnnnnnnn nggacgggag gaaggaagga aaacgagagce 1920
gaggactcac tgtccggtce gcccagettg gtgacggcegt cgacgaagcg ctggtggagg 1980
tceggegtee agegecagecg cggcettgggg teccgtgacyg cegecccegte gtagecgtag 2040
ctccectgea tegeegttece ttectggcecga tcegecgetee ctagctatce ggtggccaaa 2100
gacacggcta gtggtaggct cgagcgagac gagctcttge tgaagagaga atgaatgtag 2160
cgttaccgece tectggtegt aggggtgtgg gtatgtgagg acaagaggag gagcgagagg 2220
aggagcgcag agcgtggcegg ggaaggaggg cgtcatgtgt gtgaggaatc taggacgact 2280
tgttggcage tgggecgggyg tgcgtgegag atgcaatgca agaacaaagce ggacgggcat 2340
cacgecteca ggtccaacce gggggcegeca ctegatcegge cgecgetcat tgaggeccag 2400
gegecaagac ggceggctcca cccacgtcac aattggcaat aagaagcaca cggetgggge 2460
tgggacgcgt cgaatttttc accagaaaat accgtctgat cctggegttt cgtcagatgce 2520
tatgctacgt gaacggcaaa acctagcagce agcagcactce agactggaca agaggaggga 2580
aatctttgcg tgggaaccaa actgaacgcg aatcgcacgg gtcggatgac atatcatatc 2640



273

US 9,315,872 B2

-continued

274

ctegtgegga
cgeggggaga
atgtteggeg
tgaccagacg
cggacgatta
gctaagecty
gacctgacga

caac

geggactcaa
gegacggegy
ctgatgtege
accagtggca
gccgagacta
ctagattcga

tgcatttggyg

<210> SEQ ID NO 222
<211> LENGTH: 3087

<212> TYPE:

DNA

cggegagtec
cctecggtygy
tggaatattc
atggccacceyg
atcgctatte
gecatctgegt

cgnectntag

<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<400> SEQUENCE: 222

tcgeatctge

agaaaggttt

tcttgtagtt

ctgattcaca

caaataaaat

gcttetatat

tgcatttagt

ttttgaacta

ccectgaata

acttgtattc

cctggtttty

ctegeagteg

ttatgacttg

agaggaaatc

ttttctagea

actggectte

aggtaattge

ctgtggttga

aagataagaa

ataccgeege

tacttectgeg

gagtgctggt

agettetttt

ggagtgcaga

tcctttggac

taagaaatgt

gggcccactyg

atggaagttt

gtaagttaat

aaacacgaca

cttgcttgta

tttagcactt

gaattttttt

aataatacat

agcataggag

cccatacacyg

tcttecagetyg

tgctgtgeac

cagttacctt

actgaagcceg

aggaacgcett

cgctggcagg

cacatcagac

aggtaaccct

(1281) .. (1735)

(3024) ..(3025)

(3029) ..(3029

gcacctgatt

tctcatgaca

ttgaatttga

gatacaaatg

cagtcaatta

gcatacaaag

accecgetetyg

aataaaaaaa

acaggtggag

cgacgeegtt

ttatttttcc

ggtctgataa

ttgagatcaa

tgcttgtaac
tctacttgac

aaaaggcggyg

gtgttettec

cecctgtgage

gcgceggeaag

ttcgaggect

gagcctcagt

nnnnnnnnnn

agctgtgget geggaatatt cecggeggaag
gacccgggge gagcgggaga tgcggcgaag
gegecagetyg tggetgecgg tgcgacctge
cctetecate caacctecat cacagattgg
tcaacacttt aaaaaccgtyg cgtgcagaat
gactctactt tggctcttet cgtacgatge

cgtcacttee tgattagtee cceggaaacyg

n is unknown

n is unknown

n is unknown

acagacataa gcacttgtag cgtttatgga

atgatgtaaa tctatcttge ctcagtttgt

taccttagtg catcgctaag tgctatttet

gttagctcaa tcaatgcaga aaagttcaac

acaggcattc aataggattc acattcetgg

ttttggaaat aaaatggaat ataaattget

ttctcgaata tttgtcacce getagtteat

cggaaggagt acatgtttgt aacaggagag

cgctaagtat gcttaggaga actttaggea

tgtatggtaa tatctactga tagacagaat

tgcttttggt tacacctcta cagteccata

taaaccaatt aaggactcat gtctcagtca

gaaatatttg agttgcagct taaggttcag

ggtatggtca tttttttttt caaggtaaca

tgaatgcagt atatattagt tgtaataaat

tattaccact tgcagaaatt tgtcgggtca

cttcatcagg aacacctgga ggaggatgeg

gaagtactga tgacagaaag agcggaagat

gectggtgac atagaggtag tgcgaggete

gtgettttet tgccctgttt ccccattcta

gtttcggcac agtggtgcaa caaaaaaaga

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

2700

2760

2820

2880

2940

3000

3060

3064

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1380
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1440
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1500
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1560
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1620
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1680
NNNNNNNNNN NNNNNNNANNN NANNNNNNNN NNNNNNNNANN NNNANNNNNN NNNnhaaaaa 1740
aaaaaaaaaa aaagaatgca gaccgacatg ctctgtagca caagcaccat actggcgaac 1800
tggagaggtc tcggctcatc aagcaatcgce cttggtgteg gacggggtca tcaagacaag 1860
acgactagac gagcactaca tatagacggg aacgtacggg aggaaggaag gaaaacgaga 1920
gcgaggacte actgtcecggt ccgcecccaget tggtgacggce gtcgacgaag cgctggtgga 1980
ggteceggegt ccagegcage cgceggettgg ggtcecegtga cgccgecceg tegtageegt 2040
agctccectg catcgeccgtt ccecttectgge gatcgeceget cectagcectat cceggtggeca 2100
aagacacggc tagtggtagg ctcgagcgag acgagctcett gctgaagaga gaatgaatgt 2160
agcgttaccg cctectggte gtaggggtgt gggtatgtga ggacaagagg aggagcgaga 2220
ggaggagcge agagcgtgge ggggaaggag ggcgtcatgt gtgtgaggaa tctaggacga 2280
cttgttggca gctgggecgyg ggtgegtgeg agatgcaatyg caagaacaaa gcggacgggce 2340
atcacgccte caggtccaac ccgggggege cactcgateg gecgecgete attgaggece 2400
aggcgecaag acggeggetce cacccacgtce acaattggea ataagaagca cacggcetggg 2460
gctgggacge gtcgaatttt tcaccagaaa ataccgtctg atcctggegt ttegtcagat 2520
gctatgctac gtgaacggca aaacctagca gcagcagcac tcagactgga caagaggagg 2580
gaaatctttyg cgtgggaacc aaactgaacg cgaatcgcac gggtcggatg acatatcata 2640
tcetegtgeg gagcecggacte aacggcgagt ccagectgtgg ctgcggaata tteccggegga 2700
agcgegggga gagcgacgge ggectceggt gggacceggg gcgagceggga gatgcggega 2760
agatgttcgg cgctgatgte getggaatat tcgegccage tgtggctgece ggtgcgacct 2820
gctgaccaga cgaccagtgg caatggccac cgcctcectceca tceccaacctcece atcacagatt 2880
ggcggacgat tagccgagac taatcgctat tctcaacact ttaaaaaccg tgcgtgcaga 2940
atgctaagcce tgctagattc gagcatctgce gtgactctac tttggctctt ctegtacgat 3000
gcgacctgac gatgcattgg gcgnnecetnt agcgtcactt tectgattag tcccccggaa 3060
acgcaactct accactatca geccgecg 3087
<210> SEQ ID NO 223
<211> LENGTH: 2956
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1584)..(1728)
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 223
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaaa tctcatgaca atgatgtaaa tctgtcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
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ctgattcgca taagaaatgc gatacaaatg gttagttcaa tcaatgcaga aaagttcaac 240
aaaataaaat gggcccactg cagtcaatta acaggcattc aacagcattc acattcctgg 300
gectctatat atggaagttt gcatacaaag ttttggaaat aaaatggaat agaaattget 360
tgcatttagt gtaagttaat actccatccg ttcttaaata tttgtcggece gctagtttat 420
ttttgaacta aaacacgaca aataaaaaaa acggagggag tacatgttta taacaggtga 480
geegaatact tggttgtaac aggtggggceg ctaagtatge ttaggagaac tttaggcaac 540
ttgtattctyg tagcacttcg acgccgtttg tatggtaata tctactgata gacagaatce 600
tggtttttgyg aaaaaaaaaa ttcctgettt tggttacace tctacagtcece catactcgca 660
gtecgaataat acatggtctg ataataaacc aattaaggac tcatgtctca gtcattatga 720
cttgagcata ggagttgaga tcgagaaata tttgagttac agcttaaggt tcagacttca 780
gagaggaaat ccccatacac ttgcttgtaa cggtatgatc attttttttc aaggtaacat 840
tttctagcat cttcacctgt ctacttgact gaatgcagta tatattagtt gtaataaata 900
ctgctettet getgtgcaga aaaggegggt attaccactt gcagaaattt gtcgggtaaa 960
ggtaattgcc agttaccttg tgttctteccce ttcatcagga acacctggag gaggatgcgce 1020
tgtggttgaa ccgaagccct gtgagcgaag tactgatgac agaaagagcg gaagataaga 1080
taagaaagga acccttgcgce ggcaaggcct ggtgacatag aggtagtgcg aggctcatac 1140
cgecgeceget ggcaggttece aggcecctgtge ttttettgece ctgtatccece agtctatact 1200
tctgcgcaca tcagacgagce ctcagtgttt cggcacagtg gtgcaacaga aaaggagagt 1260
gctgctaacyg ctgaggcggt gaagaaagag aggtcggacg gacctggagg tggcttttta 1320
actggtaaag agtgaggtct ttcatgccca tcaatctgag caccgacttg ggtgttgetce 1380
ctgttcgcag gaagcacaag aaatggtcag tactccacag cgtaggcatg teggtgtgtt 1440
cgaggaggca agattcagat gattattata tgagctcgaa aagctagaga atggatgttce 1500
agacttgaga ggtctgattt gagaggaatt gcacttgtcg ttttcccagg gcgacgcggce 1560
ctttttecag aggetttttt tttnnnnnnn nnnnnnnnnn MNONODANNAND ANANANANNAND 1620
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1680
NNNNNNNNNN NNNNNNNANNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNaa aaaaaaaaaa 1740
aagaatgcag accgacatgc tctgtagcac aagcaccata ctggcgaact ggagaggtct 1800
cggctcatca agcaatcgcecc ttggtgtcgg acggggtcat caagacaaga cgactagacg 1860
agcactacat atagacggga acgtacggga ggaaggaagg aaaacgagag cgaggactca 1920
ctgtcecggte cgcccagett ggtgacggcg tcgacgaagce gctggtggag gteccggegte 1980
cagcgecagee geggettggg gtcccgtgac geaaaccaac gtegtagecyg tagctcccct 2040
gcatcgecegt tecttectgg cgatcgecge tceccctagcta tecggtggece aaagacacgg 2100
ctagtggtag gctcgagcga gacgagctct tggtgaagag agaatgaatg taacgttacc 2160
gcctectggt cgtaggggtg tgtgtatgtg aggacaagag gaggagcgag aggaggagcyg 2220
cagagcgtgg cggggaagga gggcgtcatg tgtgcgagga atctcggacg acttgttggce 2280
agctgggeceg gggtgegtge gagatgcaat gcaagaacaa agcggacggyg catctegete 2340
ggecacgett ccaagtccaa ccggggggceg ccacteggec gecgetcatt gaggcccagyg 2400
cgccaagacg gcggctcecac ccacatcaca attggcaaca agaagcacac ggctggggcet 2460
gggacgcgtce gaatttttca ccagaaaata ccgtcggcegt ttegtcagat gctatgcectac 2520
gtgaacggca aaacctagca gcagcagcac tcagactgga caagaggagg gaaatctttg 2580
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cgtgggaacce aaactgaacg cgaatcgcac gagtcggatg acatatccte gtceggageg 2640
gactcggeeyg cgagtccage tgtggetgeg gaatattcceg geggaatcge ggggagaacyg 2700
acggeggect ccggtgggac ccggggegag cgggagatge ggcgaagatyg ttceggegetg 2760
atgtcgcetgg aatattcgeg ccagectgtgg ctgccggtgt gacctgctga ccagacgacce 2820
agtggcagtg gccaccgect ctgcatcaca gattggcecgga cgattagccg agactaattg 2880
ccattctcaa cacttttaaa accgtgcgtg cagaatgcta agcctgctag attcgagcat 2940
ctgcgtgact ctactt 2956
<210> SEQ ID NO 224
<211> LENGTH: 2965
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1600)..(1902)
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 224
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaga tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctggttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaat 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettectatat atggaagttt gcatacaatg ttttggaaat aaaatgaaat ataaattget 360
tgcatttagt gtaagttaat actcgctcce ttctcgaata tttgtcgtee gectagttcat 420
ttttgaacta aaacatgata aataaaaaaa cggaaggagt acatgtttgt aacaggagag 480
cccatgaata cttgettgta acaggtggag cgctaagtat gcettaggaga actttaggca 540
acttgtattce tttagcactt cgacgcagtt tgtatggtaa tatctactga tagacagaat 600
cctggttttg gatttttaat ttttcctgct tttggttaca cctctacagt cccatactceg 660
cagtccaata gtacatggtc tgataataaa ccaattaaga aggactcatg tctcagtcat 720
tatgacttga gcataggagt tgagatcaag aaatatttga gttgcagctt aaggtccaga 780
gaggaaatcce ccatacactt gcttgtaacg gtatgaatgt atgatcattt ttttttcaag 840
gtaacatttt ctagcatctt cacctgtcta cttgactgaa tgcagtatat attagttgta 900
ataactactg gccttetget gtgcacaaaa ggecgggtatt accacttgca gaaatttgte 960
gggtaaaggt aattgccagt taccttgtgt tcttcecttg atcaggaaca cctggaggag 1020
gatgcgctgt ggttgaaccg aagccctgtg agcgaagtac tgatgacaga aagagcggaa 1080
gataagataa gaaaggaacc cttgcgcggce aaggcctggt gacatagagg tagtgcgagg 1140
ctcataccgce cgccgctgge aggttcecagg cctgtgettt tettgecctg tatccccagt 1200
ctatacttct gecgcacatca gacgagcctce agtgtttegg cacagtggtg caacagaaaa 1260
ggagagtgct ggtaggtaac gctgaggcgg tgaagaaaga gaggtcagac ggacctggag 1320
gtggcttttt aactggtaaa gagtgaggtc tttcatgccc atcaatctga gcaccgactt 1380
gggtgttgcect cctgttcgca ggaagcacaa gaaatggtca gtactccaca gcgtaggcat 1440
gtcggtggtyg tgttggagga ggcaagattc agatgattat tatatgagct cgaaaagcta 1500
gagaatggat gttcagactt gagagctctg atttgagagr aattgcactt gtcgttttcce 1560
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caaggcgacyg

nnnnnnnnnn

cggecttttt

nnnnnnnnnn

ccagaggttt

nnnnnnnnnn

tttttttttn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

aacgagagcg
tggtggaggt
tagccgtage
gtggccaaag
tgaatgtage
agcgagagga
aggacgactt
gacgggcatce
ctcattgagyg
gcacacggcet
cgtttegtga
catatccteg
cggaagcgeg
gcgaagatgt
acctgetgac
gattggcgga
cagaatgcta

cgatgegace

aggactcact

ceggegteca

tccectgeat

acacggctag

gttaccgect

ggagcgcaga

gttggcaget

tegeteggec

cccaggegec

ggggctggga

acggcaaaac

tgcggagegg

dggagagcga

tcggegetga

cagacgacca

cgattageeg

agcctgetag

tgacgatgca

<210> SEQ ID NO 225
<211> LENGTH: 2855

<212> TYPE:

DNA

gtceggtecy
gegeagecge
cgcegttect
tggtaggetce
cctggtegta
gegtggeggy
gggccggggt
acgcttecaa
aagacggegyg
cgcegtegaat
ctagcagcag
actcaacgge
cggeggecte
tgtcgetgga
gtggcaatgg
agactaatcg
attcgagcat

tttgg

<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<400> SEQUENCE: 225

tcgeatctge

agaaagtttt

tcttgtagtt

ctgattcaca

caaataaaat

gcttetatat

tgcatttagt

ttttgaacta

agettetttt

ggagtgcaga

tcctttggac

taagaaatgt

gggcccactyg

atggaagttt

gtaagttaat

aaacatgata

(1601)..(1748)

(2804) .. (2806)

gcacctgatt

tctcatgaca

ttgaatttga

gatacaaatg

cagtcaatta

gcatacaatg

actecgetece

aataaaaaaa

cccagettygyg
ggettggggt
tcctggegat
gagcgagacyg
ggggtgtggy
gaaggagggce
gegtgegaga
gtcecatcegyg
ctccacccac
ttttcaccag
cagcagcatt
gagtccaget
cggtgggace
atattecgege
ccaccgecte
ctattctcaa

ctgegtgact

n is unknown

n is unknown

acagacataa

atgatgtaaa

taccttagtyg

gttagttcaa

acaggcattc

ttttggaaat

ttctcgaata

cggaaggagt

nnacgggagg aaggaaggaa
tgacggcgte gacgaagcge
ccegtgacge cgeccegteg
cgecegetece tagcetateeg
agctcttget gaagagagaa
tatgtgagga caagaggagg
gtcatgtgtyg cgaggaatct
tgcaatgcaa gaacaaagcg
ggggcegecac teggecgeeg
gtcacaattyg gcaacaagaa
aaaataccgt ctgatcctgg
ccacgggtceg gatgacatat
gtggctgegyg aatattcegg
cggggcgagce gggagatgeg
cagctgtgge tgcceggtgeg
tccatccaac ctccatcaca
cactttaaaa accgtgegtyg

ctactttgge tcttetegta

gcacttgtag cgtttatgga

tctatcttge cteagtttgt

catcgctaag tgctatttet

tcaatgcaga aaagttcaat

aataggattc acattcctgg

aaaatgaaat ataaattgct

tttgtcgtcee gectagttcat

acatgtttgt aacaggagag

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

2965

60

120

180

240

300

360

420

480
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cccatgaata cttgettgta acaggtggag cgctaagtat gcettaggaga actttaggca 540
acttgtattce tttagcactt cgacgcagtt tgtatggtaa tatctactga tagacagaat 600
cctggttttg gatttttaat ttttcctgct tttggttaca cctctacagt cccatactceg 660
cagtccaata gtacatggtc tgataataaa ccaattaaga aggactcatg tctcagtcat 720
tatgacttga gcataggagt tgagatcaag aaatatttga gttgcagctt aaggtccaga 780
gaggaaatcce ccatacactt gcttgtaacg gtatgaatgt atgatcattt ttttttcaag 840
gtaacatttt ctagcatctt cacctgtcta cttgactgaa tgcagtatat attagttgta 900
ataactactg gccttetget gtgcacaaaa ggecgggtatt accacttgca gaaatttgte 960
gggtaaaggt aattgccagt taccttgtgt tcttcecttg atcaggaaca cctggaggag 1020
gatgcgctgt ggttgaaccg aagccctgtg agcgaagtac tgatgacaga aagagcggaa 1080
gataagataa gaaaggaacc cttgcgcggce aaggcctggt gacatagagg tagtgcgagg 1140
ctcataccgce cgccgctgge aggttcecagg cctgtgettt tettgecctg tatccccagt 1200
ctatacttct gecgcacatca gacgagcctce agtgtttegg cacagtggtg caacagaaaa 1260
ggagagtgct ggtaggtaac gctgaggcgg tgaagaaaga gaggtcagac ggacctggag 1320
gtggcttttt aactggtaaa gagtgaggtc tttcatgccc atcaatctga gcaccgactt 1380
gggtgttgcect cctgttcgca ggaagcacaa gaaatggtca gtactccaca gcgtaggcat 1440
gtcggtggtyg tgttggagga ggcaagattc agatgattat tatatgagct cgaaaagcta 1500
gagaatggat gttcagactt gagagctctg atttgagagr aattgcactt gtcgttttcce 1560
caaggcgacg cggcctttte cagaggtttt tttttttttt nnnnnnnnnn hnnnnnnnnn 1620
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1680
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1740
nnnnnnnntyg aaaaaaaaat gcacaccgac atgctctgta gcacaagcac cataccggeg 1800
aactggagag gtctcggctce atcaagcaat cgccttggtg tcggacgggg tcatcaagac 1860
aaggcgacta gaggagcact acatctacac ggggtgaacyg gacgggagca gtggcggace 1920
caggaactga tgacagcctt ggcgagaata cggtgtgatc cccacgcctg tgctegtgece 1980
acgtgctget tgcttcegtg cactgtgcte gtgecttgece cattgcagee ggcgagccag 2040
ctcaggccac cgcctgeggt gectggtgag tecgeccectyg gacgggagga aggaaggaaa 2100
acgagagcga ggactcactg tccggtecge cecagettggt gacggegteg acgaageget 2160
ggtggaggte cggegtccag cgcagecgeg gettggggte cegtgacgece geccegtegt 2220
agccgtaget cccctgcate gecgttectt cctggcgate gecgectceccect agctatcegg 2280
tggccaaaga cacggctagt ggtaggctcg agcgagacga gctcttgctg aagagagaat 2340
gaatgtagcg ttaccgecte ctggtcgtag gggtgtgggt atgtgaggac aagaggagga 2400
gcgagaggayg gagcgcagag cgtggegggg aaggagggceg tcatgtgtge gaggaatcta 2460
ggacgacttyg ttggcagctyg ggcecggggtg cgtgcgagat gcaatgcaag aacaaagcgyg 2520
acgggcatct cgcteggeca cgcttecaag tecatceggyg gggegecact cggecgecge 2580
tcattgaggce ccaggcgcca agacggegge tcecacccacyg tcacaattgyg caacaagaag 2640
cacacggctg gggctgggac gcgtcgaatt tttcaccaga aaataccgtce tgatcctggce 2700
gtttcgtgaa cggcaaaacc tagcagcagc agcagcattce cacgggtcgg atgacatatc 2760
atatcctegt gecggagcgga ctcaacggcg agtccagetg tggnnncgga atattccggce 2820
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ggaagcgegg ggagagcgac ggcggectce ggtgg

<210> SEQ ID NO 226
<211> LENGTH: 3212
<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION:

<220> FEATURE:

(1601) .. (1805)
<223> OTHER INFORMATION:

<221> NAME/KEY: misc_feature

<222> LOCATION:

<220> FEATURE:

(3148) ..(3150
<223> OTHER INFORMATION:

<221> NAME/KEY: misc_feature

<222> LOCATION:

<400> SEQUENCE: 226

tcgcatctge agettetttt
agaaagtttt ggagtgcaga
tettgtagtt tcctttggac
ctgattcaca taagaaatgt
caaataaaat gggcccactg
gettctatat atggaagttt
tgcatttagt gtaagttaat
ttttgaacta aaacatgata
cccatgaata cttgettgta
acttgtattc tttagcactt
cetggttttyg gatttttaat
cagtccaata gtacatggtce
tatgacttga gcataggagt
gaggaaatcc ccatacactt
gtaacatttt ctagcatctt
ataactactyg gccttetget
gggtaaaggt aattgccagt
gatgcgetgt ggttgaaccyg
gataagataa gaaaggaacc
ctcataccge cgcegetgge
ctatacttct gegcacatca
ggagagtgct ggtaggtaac
gtggcttttt aactggtaaa
gggtgttget cctgttegea
gteggtggtg tgttggagga
gagaatggat gttcagactt
caaggcgacyg cggecttttt

nnnnnnnnnn nnnnnnnnnn

(3154) .. (3154)
<223> OTHER INFORMATION:

gcacctgatt

tctcatgaca

ttgaatttga

gatacaaatg

cagtcaatta

gcatacaatg

actecgetece

aataaaaaaa

acaggtggag

cgacgcagtt

ttttectget

tgataataaa

tgagatcaag

gettgtaacy

cacctgteta

gtgcacaaaa

taccttgtgt

aagceccetgtyg

cttgcegegge

aggttccagyg

gacgagccte

getgaggegy

gagtgaggte

ggaagcacaa

ggcaagattce

gagagctetyg

ccagaggttt

nnnnnnnnnn

n is unknown

n is unknown

n is unknown

acagacataa

atgatgtaaa

taccttagtyg

gttagttcaa

acaggcattc

ttttggaaat

ttctcgaata

cggaaggagt

cgctaagtat

tgtatggtaa

tttggttaca

ccaattaaga

aaatatttga

gtatgaatgt

cttgactgaa

ggcgggtatt

tcttecetty

agcgaagtac

aaggcctggt

cctgtgettt

agtgtttecgyg

tgaagaaaga

tttcatgeece

gaaatggtca

agatgattat

atttgagagr

ttceeeeeet

nnnnnnnnnn

gcacttgtag cgtttatgga

tctatcttge cteagtttgt

catcgctaag tgctatttet

tcaatgcaga aaagttcaat

aataggattc acattcctgg

aaaatgaaat ataaattgct

tttgtcgtcee gectagttcat

acatgtttgt aacaggagag

gettaggaga actttaggca

tatctactga tagacagaat

cctetacagt cccatacteg

aggactcatg tctcagtcat

gttgcagett aaggtccaga

atgatcattt ttttttcaag

tgcagtatat attagttgta

accacttgca gaaatttgtce

atcaggaaca cctggaggag

tgatgacaga aagagcggaa

gacatagagg tagtgcgagg

tcttgecctyg tatccccagt

cacagtggtyg caacagaaaa

gaggtcagac ggacctggag

atcaatctga gcaccgactt

gtactccaca gcgtaggcat

tatatgagct cgaaaagcta

aattgcactt gtcgttttece

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

2855

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1800
nnnnnggaga ggtctcggct catcaagcaa tcgccttggt gtcecggacggg gtcatcaaga 1860
caagrcgact agaggagcac tacatctaca cggggtgaac ggacgggagce agtggcggac 1920
ccaggaactg atgacagcct tggcgagaat acggtgtgat ccccacgcct gtgectcegtgce 1980
cacgtgctge ttgcttcegt gcactgtgct cgtgecttge ccattgcage cggcgagceca 2040
gctcaggeca cegectgegg tgcctggtga gtecegeccct ggacgggagyg aaggaaggaa 2100
aacgagagcg aggactcact gtccggteeg cecagettgg tgacggegte gacgaagcege 2160
tggtggaggt ccggegteca gegcagecge ggettggggt ceegtgacge cgceccegteg 2220
tagccgtage tcccectgcat cgeccgttect tectggegat cgceccgectcece tagctatcecg 2280
gtggccaaag acacggctag tggtaggctc gagcgagacg agetcttget gaagagagaa 2340
tgaatgtagc gttaccgecct cctggtegta ggggtgtggg tatgtgagga caagaggagg 2400
agcgagagga ggagcgcaga gegtggeggg gaaggaggge gtcatgtgtyg cgaggaatct 2460
aggacgactt gttggcagct gggccggggt gegtgcgaga tgcaatgcaa gaacaaagcg 2520
gacgggcate tegeteggee acgcttccaa gtecatcegg ggggcegecac teggecgecyg 2580
ctcattgagg cccaggcgcece aagacggegg ctecacccac gtcacaattyg gcaacaagaa 2640
gcacacggct ggggctggga cgcgtcgaat ttttcaccag aaaataccgt ctgatccectgg 2700
cgtttecgtga acggcaaaac ctagcagcag cagcagcatt ccacgggtcg gatgacatat 2760
catatccteg tgcggagegg actcaacggce gagtccaget gtggctgcgg aatattceccegg 2820
cggaagcgcg gggagagega cggeggectce cggtgggacce cggggcgage gggagatgeg 2880
gcgaagatgt tcecggcegectga tgtegcectgga atattcgcecge cagetgtgge tgceggtgeg 2940
acctgctgac cagacgacca gtggcaatgg ccaccgecte tccatccaac ctccatcaca 3000
gattggcgga cgattagccg agactaatcg ctattctcaa cactttaaaa accgtgegtg 3060
cagaatgcta agcctgctag attcgagcat ctgcgtgact ctactttgge tettctegta 3120
cgatgcgacc tgacgatgca tttgggcennn cctntagegt cactttcecctg attagtcccce 3180
cggaaacgca actctaccac tatcagccge cg 3212
<210> SEQ ID NO 227
<211> LENGTH: 3315
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1601)..(1748
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 227
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaga tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaat 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettectatat atggaagttt gcatacaatg ttttggaaat aaaatgaaat ataaattget 360
tgcatttagt gtaagttaat actcgctcce ttctcgaata tttgtcgtee gectagttcat 420
ttttgaacta aaacatgata aataaaaaaa cggaaggagt acatgtttgt aacaggagag 480
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cccatgaata cttgettgta acaggtggag cgctaagtat gcettaggaga actttaggca 540
acttgtattce tttagcactt cgacgcagtt tgtatggtaa tatctactga tagacagaat 600
cctggttttg gatttttaat ttttcctgct tttggttaca cctctacagt cccatactceg 660
cagtccaata gtacatggtc tgataataaa ccaattaaga aggactcatg tctcagtcat 720
tatgacttga gcataggagt tgagatcaag aaatatttga gttgcagctt aaggtccaga 780
gaggaaatcce ccatacactt gcttgtaacg gtatgaatgt atgatcattt ttttttcaag 840
gtaacatttt ctagcatctt cacctgtcta cttgactgaa tgcagtatat attagttgta 900
ataactactg gccttetget gtgcacaaaa ggecgggtatt accacttgca gaaatttgte 960
gggtaaaggt aattgccagt taccttgtgt tcttcecttg atcaggaaca cctggaggag 1020
gatgcgctgt ggttgaaccg aagccctgtg agcgaagtac tgatgacaga aagagcggaa 1080
gataagataa gaaaggaacc cttgcgcggce aaggcctggt gacatagagg tagtgcgagg 1140
ctcataccgce cgccgctgge aggttcecagg cctgtgettt tettgecctg tatccccagt 1200
ctatacttct gecgcacatca gacgagcctce agtgtttegg cacagtggtg caacagaaaa 1260
ggagagtgct ggtaggtaac gctgaggcgg tgaagaaaga gaggtcagac ggacctggag 1320
gtggcttttt aactggtaaa gagtgaggtc tttcatgccc atcaatctga gcaccgactt 1380
gggtgttgcect cctgttcgca ggaagcacaa gaaatggtca gtactccaca gcgtaggcat 1440
gtcggtggtyg tgttggagga ggcaagattc agatgattat tatatgagct cgaaaagcta 1500
gagaatggat gttcagactt gagagctctg atttgagagg aattgcactt gtcgttttcce 1560
caaggcgacg cggcctttte cagaggtttt tttttttttt nnnnnnnnnn hnnnnnnnnn 1620
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1680
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1740
nnnnnnnntyg aaaaaaaaat gcacaccgac atgctctgta gcacaagcac cataccggeg 1800
aactggagag gtctcggctce atcaagcaat cgccttggtg tcggacgggg tcatcaagac 1860
aaggcgacta gaggagcact acatctacac ggggtgaacyg gacgggagca gtggcggace 1920
caggaactga tgacagcctt ggcgagaata cggtgtgatc cccacgcctg tgctegtgece 1980
acgtgctget tgcttcegtg cactgtgcte gcgecttgece cattgcagee ggcgagccag 2040
ctcaggccac cgcctgeggt gectggtgag tecgeccectyg gacgggagga aggaaggaaa 2100
acgagagcga ggactcactg tccggtecge cecagettggt gacggegteg acgaageget 2160
ggtggaggte cggegtccag cgcagecgeg gettggggte cegtgacgece geccegtegt 2220
agccgtaget cccctgcate gecgttectt cctggcgate gecgectceccect agctatcegg 2280
tggccaaaga cacggctagt ggtaggctcg agcgagacga gctcttgctg aagagagaat 2340
gaatgtagcg ttaccgecte ctggtcgtag gggtgtgggt atgtgaggac aagaggagga 2400
gcgagaggayg gagcgcagag cgtggegggg aaggagggeg tcatgtgtgt gaggaatcta 2460
ggacgacttyg ttggcagctyg ggcecggggtg cgtgcgagat gcaatgcaag aacaaagcgyg 2520
acgggcatca cgcctecagg tccaaccegg gggcegcecact cggecgecge tcattgagge 2580
ccaggegeca agacggegge tccacccacg tcacaattgg caataagaag cacacggcetg 2640
gggctgggac gcgtcgaatt tttcaccaga aaataccgtce tgatcctggce gtttegtceag 2700
atgctatgcet acgtgaacgg caaaacctag cagcagcagce agcactcaga ctggacaaga 2760
ggagggaaat ctttgcgtgg gaaccaaact gaacgcgaat cgcacgagtc ggatgacata 2820
tcetegtecg gagcecggacte gaccgcgagt ccagetgtgg ctgcggaata tteccggegga 2880
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agcgegggga gaacgacggce ggccteeggt gggaccceggyg gcegagceggga gatgeggcega 2940
agatgttcgg cgctgatgte getggaatat tcgegccage tgtggctgece ggtgtgacct 3000
gctgaccaga cgaccagtgg cagtggccac cgcctcectceca tcacagattce gcggacgatt 3060
agccgagact aatcgctatt ctcaacactt ttaaaaccgt gcgtgcagaa tgctaagggce 3120
gcgttegttt gcacagcaat agacatggat ttatttcage tcatcaaaat ttatataaat 3180
taaagaagta atccggctag aaattaatcc ggagcttcaa tccctaacaa ccgaacaggg 3240
tctaagectg ctagattcga gcatctgegt gactctactt tggctcecttet cgtacgatgce 3300
gacttgacga tgcat 3315
<210> SEQ ID NO 228
<211> LENGTH: 3271
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1605)..(1751
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 228
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaga tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaat 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettectatat atggaagttt gcatacaatg ttttggaaat aaaatgaaat ataaattget 360
tgcatttagt gtaagttaat actcgctcce ttctcgaata tttgtcgtee gectagttcat 420
ttttgaacta aaacatgata aataaaaaaa cggaaggagt acatgtttgt aacaggagag 480
cccatgaata cttgettgta acaggtggag cgctaagtat gcettaggaga actttaggca 540
acttgtattce tttagcactt cgacgcagtt tgtatggtaa tatctactga tagacagaat 600
cctggttttg gatttttaat ttttcctgct tttggttaca cctctacagt cccatactceg 660
cagtccaata gtacatggtc tgataataaa ccaattaaga aggactcatg tctcagtcat 720
tatgacttga gcataggagt tgagatcaag aaatatttga gttgcagctt aaggtccaga 780
gaggaaatcce ccatacactt gcttgtaacg gtatgaatgt atgatcattt ttttttcaag 840
gtaacatttt ctagcatctt cacctgtcta cttgactgaa tgcagtatat attagttgta 900
ataactactg gccttetget gtgcacaaaa ggecgggtatt accacttgca gaaatttgte 960
gggtaaaggt aattgccagt taccttgtgt tcttcecttg atcaggaaca cctggaggag 1020
gatgcgctgt ggttgaaccg aagccctgtg agcgaagtac tgatgacaga aagagcggaa 1080
gataagataa gaaaggaacc cttgcgeggce aaggcctggt gacatagagg tagtggcgag 1140
gctcatacecg ccgecgetgg caggttcecag gectgtgcett ttettgecect gtatceccecag 1200
tctatacttc tgcgcacatc agacgagcct cagtgttteg gcacagtggt gcaacagaaa 1260
aggagagtgc tggtaggtaa cgctgaggceg gtgaagaaag agaggtcaga cggacctgga 1320
ggtggctttt taactggtaa agagtgaggt ctttcatgcc catcaatctg agcaccgact 1380
tgggtgttgce tcctgttege aggaagcaca agaaatggtc agtactccac agcgtaggca 1440
tgtcggtggt gtgttggagyg aggcaagatt cagatgatta ttatatgagce tcgaaaagct 1500
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agagaatgga
ccaaggcgac

nnnnnnnnnn

tgttcagact
geggectttt

nnnnnnnnnn

tgagagctct
ccagaggttt

nnnnnnnnnn

gatttgagag
ttceeeeeet

nnnnnnnnnn

gaattgcact tgtcgtttte

ttttnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

gaactggaga

caaggcgact

ccaggaactyg

cacgtgetge

gctcaggeca

aacgagagcg

tggtggaggt

tagccgtage

gtggccaaag

tgaatgtage

agcgagagga

aggacgactt

gacgggcatce

cccaggeged

ggggctggga

gatgctatge

agggaaatct

atatcctegt

dgaagcgegy

cgaagatgtt

cectgetgace

attggeggac

agaatgctaa

gatgcgacct

ggaaacgcaa

naaaaaaaaa

ggtctegget

agaggagcac

atgacagcct

ttgctteegt

cegectgegy

aggactcact

ceggegteca

tccectgeat

acacggctag

gttaccgect

ggagcgcaga

gttggcaget

acgcctecag

aagacggcgg

cgcgtegaat

tacgtgaacg

ttgcgtggga

dcggagegga

ggagagcgac

cggegetgat

agacgaccag

gattagccga

gectgetaga

gacgatgcat

ctctaccact

<210> SEQ ID NO 229
<211> LENGTH: 3251

<212> TYPE:

DNA

tgcacaccga

catcaagcaa

tacatctaca

tggcgagaat

gcactgtget

tgcctggtga

gtceggtecy

gegeagecge

cgcegttect

tggtaggetce

cctggtegta

gegtggeggy

gggccggggt

gtccaaccceyg

ctccacccac

ttttcaccag

gcaaaaccta

accaaactga

ctcaacggeyg

ggcggectee

gtcgetggaa

tggcaatgge

gactaatcge

ttcgagcatce

ttgggegtte

atcagcegec

<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

(1599) ..(1745)

(3182) .. (3182)

(3186) .. (3186)

catgctetgt

tcgecttggt

cggggtgaac

acggtgtgat

cgegecttge

gtcegecect

cccagettygyg

ggettggggt

tcctggegat

gagcgagacyg

ggggtgtggy

gaaggagggce

gegtgegaga

ggggcgccac

gtcacaattyg

aaaataccgt

gcagcagcag

acgcgaatcg

agtccagetyg

ggtgggaccc

tattcgegee

caccgectet

tattctcaac

tgcgtgacte

ctgtagegte

g

n is unknown

n is unknown

n is unknown

agcacaagca ccataccgge

gtcggacggg gtcatcaaga

ggacgggagc agtggcggac

ccccacgect gtgetegtge

ccattgcage cggcgageca

dgacgggagg aaggaaggaa

tgacggcgte gacgaagcge

ccegtgacge cgeccegteg

cgecegetece tagcetateeg

agctcttget gaagagagaa

tatgtgagga caagaggagg

gtcatgtgtyg tgaggaatct

tgcaatgcaa gaacaaagcg

tcggeegeeyg ctcattgagyg

gcaataagaa gcacacggct

ctgatcctgg cgtttegtca

cactcagact ggacaagagg

cacgggtegg atgacatatce

tggctgegga atattccgge

ggggcgageg ggagatgcegg

agctgtgget geceggtgega

ccatccaacce tccatcacag

actttaaaaa ccgtgegtge

tactttggcet cttctegtac

actttecctga ttagtcccce

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3271
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<222> LOCATION: (3188)..(3189

<223> OTHER INFORMATION: n is unknown

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3192)..(3193)

<223> OTHER INFORMATION: n is unknown

<400> SEQUENCE: 229

tcegcatctge agettetttt gcacctgatt acagacataa gcacttgtag cgtttatgga
agaaagtttt ggagtgcaga tctcatgaca atgatgtaaa tctatcttgc ctcagtttgt
tcttgtagtt tcctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaat
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg
gcttctatat atggaagttt gcatacaatg ttttggaaat aaaatgaaat ataaattgcet
tgcatttagt gtaagttaat actcgctccce ttctcgaata tttgtegtcce gectagttcat
ttttgaacta aaacatgata aataaaaaaa cggaaggagt acatgtttgt aacaggagag
cccatgaata cttgcttgta acaggtggag cgctaagtat gcttaggaga actttaggca
acttgtattc tttagcactt cgacgcagtt tgtatggtaa tatctactga tagacagaat
cctggttttg gatttttaat ttttcctget tttggttaca cctctacagt cccatactceg
cagtccaata gtacatggtc tgataataaa ccaattaaga aggactcatg tctcagtcat
tatgacttga gcataggagt tgagatcaag aaatatttga gttgcagctt aaggtccaga
gaggaaatcc ccatacactt gcttgtaacg gtatgaatgt atgatcattt ttttttcaag
gtaacatttt ctagcatctt cacctgtcta cttgactgaa tgcagtatat attagttgta
ataactactg gccttctget gtgcacaaaa ggcgggtatt accacttgca gaaatttgtce
gggtaaaggt aattgccagt taccttgtgt tcttcccttg atcaggaaca cctggaggag
gatgcgctgt ggttgaaccg aagccctgtg agcgaagtac tgatgacaga aagagcggaa
gataagataa gaaaggaacc cttgcgcggc aaggcctggt gacatagagg tagtgcgagg
ctcataccgce cgeccgetgge aggttccagg cctgtgettt tettgecctyg tatccccagt
ctatacttct gecgcacatca gacgagcctce agtgtttegg cacagtggtg caacagaaaa
ggagagtgct ggtaggtaac gctgaggcgg tgaagaaaga gaggtcagac ggacctggag
gtggcttttt aactggtaaa gagtgaggtc tttcatgccc atcaatctga gcaccgactt
gggtgttgct cctgttecgca ggaagcacaa gaaatggtca gtactccaca gcgtaggcat
gtcggtggtyg tgttggagga ggcaagattc agatgattat tatatgaget cgaaaagcta

gagaatggat gttcagactt gagagctctyg atttgatatg aattgcactt gtegttttec

caaggcgaca cggcecttttt ccagagtttt ttttttttnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnaaaaa aaaaaaagaa tgcacaccga catgctctgt agcacaagca ccatactgge

gaactggaga ggtctcgget catcaagcaa tcgecttggt gteggacggyg gtcatcaaga

caagacgact agacgagcac tacatataga cgggaacgta cgggaggaag gaaggaaaac

gagagcgagg actcactgtce cggtcegece agettggtga cggegtegac gaagegetgg

tggaggtceg gegtecageg cagecgegge ttggggtece gtgacgeege ccegtegtag

cegtagetee cctgecategt cgttecttee tggegatege cgettectag ctatceggtg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100
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gccaaagaca cggctagtgg taggctcgag tgagacgagce tcecttgctgaa gagagaatga 2160
atgtaacgtt accgcctect ggtcgtaggt gtaataagtt gtaacgcgag cgtcgttagce 2220
aagcacaggg gtttgtgtat gtgaggacaa gaggaggagce gagaggagga gcgcagagcg 2280
tggcggggaa ggagggcgtce atgtgtgcga ggaatctagg acgacttgtt ggcacttggce 2340
agctgggeceyg gggtgegtge gagatgcaat gcaagaacaa agcggacggyg catcacgcect 2400
ccaggtccaa cccgggggceg ccacteggece gecgetcatt gaggcccagyg cgccaagacg 2460
geggcetcecac ccacatcaca attggcaaca agaagcacac ggctggggtt gggacgegte 2520
gaatttttca ccagaaaata ccgtctgatc ctggcgtttc gtcagatget atgctacgtg 2580
aacggcaaaa cctagcagca gcagcagcac tcagactgga caagaggagyg gaaatctttg 2640
cgtgggaacce aaactgaacg cgaatcgcac gagtcggatg acatatccte gtceggageg 2700
gactcgaceyg cgagtccage tgtggetgeg gaatattcceg geggaagege ggggagaacyg 2760
acggeggect ccggtgggac ccggggegag cgggagatge ggcgaagatyg ttceggegetg 2820
atgtcgcetgg aatattcgeg ccagectgtgg ctgccggtgt gacctgctga ccagacgacce 2880
agtggcagtg gccaccgect cteccatcaca gattcgegga cgattagccg agactaatcg 2940
ctattctcaa cacttttaaa accgtgcgtg cagaatgcta agggcgcgtt cgtttgcaca 3000
gcaatagaca tggatttatt tcagctcatc aaaatctata taaattaaag aagtaatccg 3060
gctagaaatt aatccggagce ttcaatccct aacaaccgaa cagggtctaa gcctgctaga 3120
ttcgagcatce tgcgtgacte tactttggct cttectcecgtac gatgcgactt gacgatgcat 3180
tngggnenne cnntagcgac actctcectga ttagtcccac ggaaacgcaa ctctaccact 3240
atcagcecgece g 3251
<210> SEQ ID NO 230
<211> LENGTH: 3102
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1599)..(1743)
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 230
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaga tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaat 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettectatat atggaagttt gcatacaatg ttttggaaat aaaatgaaat ataaattget 360
tgcatttagt gtaagttaat actcgctcce ttctcgaata tttgtcgtee gectagttcat 420
ttttgaacta aaacatgata aataaaaaaa cggaaggagt acatgtttgt aacaggagag 480
cccatgaata cttgettgta acaggtggag cgctaagtat gcettaggaga actttaggca 540
acttgtattce tttagcactt cgacgcagtt tgtatggtaa tatctactga tagacagaat 600
cctggttttg gatttttaat ttttcctgct tttggttaca cctctacagt cccatactceg 660
cagtccaata gtacatggtc tgataataaa ccaattaaga aggactcatg tctcagtcat 720
tatgacttga gcataggagt tgagatcaag aaatatttga gttgcagctt aaggtccaga 780
gaggaaatcce ccatacactt gcttgtaacg gtatgaatgt atgatcattt ttttttcaag 840
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gtaacatttt ctagcatctt cacctgtcta cttgactgaa tgcagtatat attagttgta 900
ataactactg gccttetget gtgcacaaaa ggecgggtatt accacttgca gaaatttgte 960

gggtaaaggt aattgccagt taccttgtgt tcttcecttg atcaggaaca cctggaggag 1020
gatgcgctgt ggttgaaccg aagccctgtg agcgaagtac tgatgacaga aagagcggaa 1080
gataagataa gaaaggaacc cttgcgcggce aaggcctggt gacatagagg tagtgcgagg 1140
ctcataccgce cgccgctgge aggttcecagg cctgtgettt tettgecctg tatccccagt 1200
ctatacttct gecgcacatca gacgagcctce agtgtttegg cacagtggtg caacagaaaa 1260
ggagagtgct ggtaggtaac gctgaggcgg tgaagaaaga gaggtcagac ggacctggag 1320
gtggcttttt aactggtaaa gagtgaggtc tttcatgccc atcaatctga gcaccgactt 1380
gggtgttgcect cctgttcgca ggaagcacaa gaaatggtca gtactccaca gcgtaggcat 1440
gtcggtggtyg tgttggagga ggcaagattc agatgattat tatatgagct cgaaaagcta 1500
gagaatggat gttcagactt gagagctctg atttgagagg aattgcactt gtcgttttcce 1560

caaggcgacg cggcecttttt ccagaggett ttttttttnn nnnnnnnnnn nhnnnnnnnnn 1620

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1680
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1740
nnnaaaaaaa aaaaaaagaa tgcagaccga catgctctgt agcacaagca ccatactgge 1800

gaactggaga ggtctcggct catcaagcaa tcgccttggt gtcggacggg gtcatcaaga 1860
caagacgact agacgagcac tacatataga cgggaacgta cgggaggaag gaaggaaaac 1920
gagagcgagyg actcactgte cggtccgece agettggtga cggcegtcegac gaagegetgg 1980
tggaggtceg gegtecageg cagccgegge ttggggtece gtgacgecege cccgtegtag 2040
ccgtagetee cctgcategt cgttecttee tggcgatege cgcttectag ctatceceggtg 2100
gccaaagaca cggctagtgg taggctcgag tgagacgagce tcecttgctgaa gagagaatga 2160
atgtaacgtt accgcctect ggtcgtaggt gtaataagtt gtaacgcgag cgtcgttagce 2220
aagcacaggg gtttgtgtat gtgaggacaa gaggaggagce gagaggagga gcgcagagcg 2280
tggcggggaa ggagggcgtce atgtgtgcga ggaatctagg acgacttgtt ggcacttggce 2340
agctgggeceyg gggtgegtge gagatgcaat gcaagaacaa agcggacggyg catcacgcect 2400
ccaggtccaa cccgggggceg ccacteggece gecgetcatt gaggcccagyg cgccaagacg 2460
geggcetcecac ccacatcaca attggcaaca agaagcacac ggctggggtt gggacgegte 2520
gaatttttca ccagaaaata ccgtcggegt ttcgtcagat gctatgctac gtgaacggca 2580
aaacctagca gcagcagcac tcagactgga cgagaggagg gaaatctttyg cgtgggaacce 2640
aaactgaacg cgaatcgcac gagtcggatg acatatccte gtecggageyg gactcgaccyg 2700
cgagtccage tgtggetgceg gaatattceg geggaagege ggggagaacyg acggeggect 2760
cecggtgggaa ccggggegag cgggagatge ggcgaagatyg tteggegetyg atgtegetgg 2820
aatattcgecg ccagectgtgg ctgccecggtgt gacctgcetga ccagtggcag tggccaccgce 2880
ctctccatca cagattggeg gacgattage cgagactaat cgctattctce aacactttta 2940
aaaccgtgceg tgcagaatga taaccctgct agattcgage atctgecgtga ctctactcetg 3000
gctetteteg tacgatgcga cttgacgatg catttgcgeg cctttagegt cactttectg 3060

attagtccca cggaaacgca actctaccac tatcagccge ca 3102

<210> SEQ ID NO 231
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-continued
<211> LENGTH: 3251
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1598)..(1740
<223> OTHER INFORMATION: n is unknown
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3186)..(3192)
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 231
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaga tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaat 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettectatat atggaagttt gcatacaatg ttttggaaat aaaatgaaat ataaattget 360
tgcatttagt gtaagttaat actcgctcce ttctcgaata tttgtcgtee gectagttcat 420
ttttgaacta aaacatgata aataaaaaaa cggaaggagt acatgtttgt aacaggagag 480
cccatgaata cttgettgta acaggtggag cgctaagtat gcettaggaga actttaggca 540
acttgtattce tttagcactt cgacgcagtt tgtatggtaa tatctactga tagacagaat 600
cctggttttg gatttttaat ttttcctgct tttggttaca cctctacagt cccatactceg 660
cagtccaata gtacatggtc tgataataaa ccaattaaga aggactcatg tctcagtcat 720
tatgacttga gcataggagt tgagatcaag aaatatttga gttgcagctt aaggtccaga 780
gaggaaatcce ccatacactt gcttgtaacg gtatgaatgt atgatcattt ttttttcaag 840
gtaacatttt ctagcatctt cacctgtcta cttgactgaa tgcagtatat attagttgta 900
ataactactg gccttetget gtgcacaaaa ggecgggtatt accacttgca gaaatttgte 960

gggtaaaggt aattgccagt taccttgtgt tcttcecttg atcaggaaca cctggaggag 1020
gatgcgctgt ggttgaaccg aagccctgtg agcgaagtac tgatgacaga aagagcggaa 1080
gataagataa gaaaggaacc cttgcgcggce aaggcctggt gacatagagg tagtgcgagg 1140
ctcataccgce cgccgctgge aggttcecagg cctgtgettt tettgecctg tatccccagt 1200
ctatacttct gecgcacatca gacgagcctce agtgtttegg cacagtggtg caacagaaaa 1260
ggagagtgct ggtaggtaac gctgaggcgg tgaagaaaga gaggtcagac ggacctggag 1320
gtggcttttt aactggtaaa gagtgaggtc tttcatgccc atcaatctga gcaccgactt 1380
gggtgttgcect cctgttcgca ggaagcacaa gaaatggtca gtactccaca gcgtaggcat 1440
gtcggtggtyg tgttggagga ggcaagattc agatgattat tatatgagct cgaaaagcta 1500
gagaatggat gttcagactt gagagctctg atttgagagg aattgcactt gtcgttttcce 1560

caaggcgacg cggcecttttt ccagagtttt tttttttnnn nnnnnnnnnn hnnnnnnnnn 1620

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1680
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1740
aaaaaaaaaa aaaaaaagaa tgcacaccga catgetetgt agcacaagca ccatactgge 1800

gaactggaga ggtctcggct catcaagcaa tcgccttggt gtcggacggg gtcatcaaga 1860

caagacgact agacgagcac tacatataga cgggaacgta cgggaggaag gaaggaaaac 1920

gagagcgagg actcactgtce cggtcegece agettggtga cggegtegac gaagegetgg 1980
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tggaggtceg gegtecageg cagccgegge ttggggtece gtgacgecege cccgtegtag 2040
ccgtagetee cctgcategt cgttecttee tggcgatege cgcttectag ctatceceggtg 2100
gccaaagaca cggctagtgg taggctcgag tgagacgagce tcecttgctgaa gagagaatga 2160
atgtaacgtt accgcctect ggtcgtaggt gtaataagtt gtaacgcgag cgtcgttagce 2220
aagcacaggg gtttgtgtat gtgaggacaa gaggaggagce gagaggagga gcgcagagcg 2280
tggcggggaa ggagggcgtce atgtgtgcga ggaatctagg acgacttgtt ggcacttggce 2340
agctgggeceyg gggtgegtge gagatgcaat gcaagaacaa agcggacggyg catcacgcect 2400
ccaggtccaa cccgggggceg ccacteggece gecgetcatt gaggcccagyg cgccaagacg 2460
geggcetcecac ccacatcaca attggcaaca agaagcacac ggctggggtt gggacgegte 2520
gaatttttca ccagaaaata ccgtctgatc ctggcgtttc gtcagatget atgctacgtg 2580
aacggcaaaa cctagcagca gcagcagcac tcagactgga caagaggagyg gaaatctttg 2640
cgtgggaacce aaactgaacg cgaatcgcac gagtcggatg acatatccte gtceggageg 2700
gactcgaceyg cgagtccage tgtggetgeg gaatattcceg geggaagege ggggagaacyg 2760
acggeggect ccggtgggac ccggggegag cgggagatge ggcgaagatyg ttceggegetg 2820
atgtcgcetgg aatattcgeg ccagectgtgg ctgccggtgt gacctgctga ccagacgacce 2880
agtggcagtg gccaccgect cteccatcaca gattcgegga cgattagccg agactaatcg 2940
ctattctcaa cacttttaaa accgtgcgtg cagaatgcta agggcgcgtt cgtttgcaca 3000
gcaatagaca tggatttatt tcagctcatc aaaatctata taaattaaag aagtaatccg 3060
gctagaaatt aatccggagce ttcaatccct aacaaccgaa cagggtctaa gcctgctaga 3120
ttcgagcatce tgcgtgacte tactttggct cttectcecgtac gatgcgactt gacgatgcat 3180
ttgggnnnnn nngtagcgac actctcctga ttagtcccac ggaaacgcaa ctctaccact 3240
atcagcecgece g 3251
<210> SEQ ID NO 232
<211> LENGTH: 3034
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1599)..(1742)
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 232
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaga tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaat 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettectatat atggaagttt gcatacaatg ttttggaaat aaaatgaaat ataaattget 360
tgcatttagt gtaagttaat actcgctcce ttctcgaata tttgtcgtee gectagttcat 420
ttttgaacta aaacatgata aataaaaaaa cggaaggagt acatgtttgt aacaggagag 480
cccatgaata cttgettgta acaggtggag cgctaagtat gcettaggaga actttaggca 540
acttgtattce tttagcactt cgacgcagtt tgtatggtaa tatctactga tagacagaat 600
cctggttttg gatttttaat ttttcctgct tttggttaca cctctacagt cccatactceg 660
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cagtccaata gtacatggtc tgataataaa ccaattaaga aggactcatg tctcagtcat 720
tatgacttga gcataggagt tgagatcaag aaatatttga gttgcagctt aaggtccaga 780
gaggaaatcce ccatacactt gcttgtaacg gtatgaatgt atgatcattt ttttttcaag 840
gtaacatttt ctagcatctt cacctgtcta cttgactgaa tgcagtatat attagttgta 900
ataactactg gccttetget gtgcacaaaa ggecgggtatt accacttgca gaaatttgte 960
gggtaaaggt aattgccagt taccttgtgt tcttcecttg atcaggaaca cctggaggag 1020
gatgcgctgt ggttgaaccg aagccctgtg agcgaagtac tgatgacaga aagagcggaa 1080
gataagataa gaaaggaacc cttgcgcggce aaggcctggt gacatagagg tagtgcgagg 1140
ctcataccgce cgccgctgge aggttcecagg cctgtgettt tettgecctg tatccccagt 1200
ctatacttct gecgcacatca gacgagcctce agtgtttegg cacagtggtg caacagaaaa 1260
ggagagtgct ggtaggtaac gctgaggcgg tgaagaaaga gaggtcagac ggacctggag 1320
gtggcttttt aactggtaaa gagtgaggtc tttcatgccc atcaatctga gcaccgactt 1380
gggtgttgcect cctgttcgca ggaagcacaa gaaatggtca gtactccaca gcgtaggcat 1440
gtcggtggtyg tgttggagga ggcaagattc agatgattat tatatgagct cgaaaagcta 1500
gagaatggat gttcagactt gagagctctg atttgagagg aattgcactt gtcgttttcce 1560
caaggcgacg cggccttttt ccagaggcett ttttttttnn nnnnnnnnnn hnnnnnnnnn 1620
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1680
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1740
nnaaaaaaaa aaaaaaagaa tgcagaccga catgctctgt agcacaagca ccatactgge 1800
gaactggaga ggtctcggct catcaagcaa tcgccttggt gtcggacggg gtcatcaaga 1860
caagacgact agacgagcac tacatataga cgggaacgta cgggaggaag gaaggaaaac 1920
gagagcgagyg actcactgte cggtccgece agettggtga cggcegtcegac gaagegetgg 1980
tggaggtceg gegtecageg cagccgegge ttggggtece gtgacgecege cccgtegtag 2040
ccgtagetee cctgcategt cgttecttee tggcgatege cgcttectag ctatceceggtg 2100
gccaaagaca cggctagtgg taggctcgag tgagacgagce tcecttgctgaa gagagaatga 2160
atgtaacgtt accgcctect ggtcgtaggt gtaataagtt gtaacgcgag cgtcgttagce 2220
aagcacaggg gtttgtgtat gtgaggacaa gaggaggagce gagaggagga gcgcagagcg 2280
tggcggggaa ggagggcgtce atgtgtgcga ggaatctagg acgacttgtt ggcacttggce 2340
agctgggeceyg gggtgegtge gagatgcaat gcaagaacaa agcggacggyg catcacgcect 2400
ccaggtccaa cccgggggceg ccacteggece gecgetcatt gaggcccagyg cgccaagacg 2460
geggcetcecac ccacatcaca attggcaaca agaagcacac ggctggggtt gggacgegte 2520
gaatttttca ccagaaaata ccgtcggegt ttcgtcagat gctatgctac gtgaacggca 2580
aaacctagca gcagcagcac tcagactgga cgagaggagg gaaatctttyg cgtgggaacce 2640
aaactgaacg cgaatcgcac gagtcggatg acatatccte gtecggageyg gactcgaccyg 2700
cgagtccage tgtggetgceg gaatattceg geggaagege ggggagaacyg acggeggect 2760
cecggtgggaa ccggggegag cgggagatge ggcgaagatyg tteggegetyg atgtegetgg 2820
aatattcgecg ccagectgtgg ctgccecggtgt gacctgcetga ccagtggcag tggccaccgce 2880
ctctccatca cagattggeg gacgattage cgagactaat cgctattctce aacactttta 2940
aaaccgtgceg tgcagaatga taaccctgct agattcgage atctgecgtga ctctactcetg 3000
gctetteteg tacgatgcga cttgacgatg catt 3034
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<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 233
LENGTH: 3139

TYPE: DNA

ORGANISM: Zea mays
FEATURE:

NAME/KEY: misc_feature
LOCATION: (1722)..(1744)

OTHER INFORMATION: n is unknown

SEQUENCE: 233

tcgcatctge agettetttt geacctgatt acagacataa gecacttgtag cgtttatgga

agaaagtttt ggagtgcaga tctcatgaca atgatgtaaa tctatcttge ctcagtttgt

tcttgtagtt tectttggac ttgaatttga taccttagtg catcgetaag tgctatttet

ctgattcaca taagaaatgt gatacaaatg gttagttcaa tcaatgcaga aaagttcaat

caaataaaat gggcccactg cagtcaatta acaggcattc aataggattce acattcctgg

gettctatat atggaagttt gcatacaatyg ttttggaaat aaaatgaaat ataaattget

tgcatttagt gtaagttaat actcgctece ttetegaata tttgtegtee getagttceat

ttttgaacta aaacatgata aataaaaaaa cggaaggagt acatgtttgt aacaggagag

cccatgaata cttgettgta acaggtggag cgctaagtat gettaggaga actttaggca

acttgtattc tttagcactt cgacgcagtt tgtatggtaa tatctactga tagacagaat

cctggttttyg gatttttaat ttttectget tttggttaca cetctacagt cccatacteg

cagtccaata gtacatggte tgataataaa ccaattaaga aggactcatg tctcagtcat

tatgacttga gcataggagt tgagatcaag aaatatttga gttgcagett aaggtccaga

gaggaaatcc ccatacactt gcttgtaacyg gtatgaatgt atgatcattt ttttttcaag

gtaacatttt ctagcatctt cacctgtcta cttgactgaa tgcagtatat attagttgta

ataactactyg gccttetget gtgcacaaaa ggegggtatt accacttgca gaaatttgte

gggtaaaggt aattgccagt taccttgtgt tctteccttg atcaggaaca cctggaggag

gatgcgetgt ggttgaaccg aagccctgtyg agcegaagtac tgatgacaga aagagcggaa

gataagataa gaaaggaacc cttgcgcegge aaggcctggt gacatagagyg tagtgcgagg

ctcataccge cgccgetgge aggttesagg cctgtgettt tettgecetyg tatccccagt

ctatacttct gegcacatca gacgagegte agtgtttegg cacagtggtyg caacagaaaa

ggagagtgct ggtaggtaac gctgaggcegyg tgaagaaaga gaggtcagac ggacctggag

gtggcttttt aactggtaaa gagtgaggtc tttcatgccce atcaatctga geaccgactt

gggtgttget tctgttegeca ggaagcacaa gaaatggtca gtactccaca gegtaggeat

gtcggtgtgt tcgaggagge aagattcaga tgattattat atgagctcga aaagetagag

aatggatgtt cagacttgag atctctgatt tgagaggaat tgcacttgte gttttcccag

ggcgacgegg ccttttteca gaggcatttt ttttcaactg ccttttggte atgtcaacgg

aactgecttt tectetgact geatgetata gacttggcaa tggcagaage gcaaagcecag

gcagcgaagg attcggactg caactggeceg tegttttaca annnnnnnnn nnnnnnnnnn

nnnnaaaaaa aaaagaatgc agaccgacat gctctgtage acaagcacca tacttgegaa

ctgcagaggt gtegggtcat caagcaatceg ccttggtgte ggacggggtyg gggtcatcaa

gacaagacga ctagaggagc actacatcta cacggggggg aacggacggyg aggaaggaag

gaaaacgaga gcgaggactc actgtceggt ccgeccaget tggtgacgge gtegacgaag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980
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cgctggtgga
tcgtageegt
ceggtggeca
ggtcgtaggt
tgaggacaag
tgtgtgtgag
atgcaagaac
cattgaggcec
acacggctygg
agatgctatg
caagaggagg
acatatccte
geggaagege
ggcgaagatyg
gacctgctga
cgattageeg
agggcgegtt
taaattaaag
cagggtctaa

gatgcgactt

ggaccggegt
agcteeeetyg
aagacacggc
gtaataagtt
aggaggageg
gaatctagga
aaagcatcac
caggcgccaa
ggctgggacyg
ctacgtgaac
gaaatctttyg
gteceggageg
ggggagaacg
ttcggegety
ccagacgacc
agactaatcg
cgtttgcaca
aagtaatccg
gectgetaga

gacgatgca

<210> SEQ ID NO 234
<211> LENGTH: 3052

<212> TYPE:

DNA

ccagcgcage

catcgtegtt

tagtgctgaa

gtaacgcgag

agaggaggag

cgacttgttyg

gectcecaagt

gangngCt

cgtcgaattt

ggcaaaacct

cgtgggaacc

gactcggecyg

acggcggect

atgtcgetygg

agtggcagtg

ctattctcaa

gcaatagaca

gctagaaatt

ttcgagcatce

<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<400> SEQUENCE: 234

tcgeatctge

agaaagtttt

tcttgtagtt

ctgattcaca

caaataaaat

gcttetatat

tgcatttagt

aaaatggagg

gegctaagta

ttgtatggta

agettetttt

ggagtgcaga

tcctttggac

taagaaatgc

gggcccactyg

atggaagttt

gtaagttaat

agtacatctt

tgcttaggag

atatctactg

(1563) .. (1708)

(2987) .. (2990

(2994) .. (2994)

gcacctgatt

tctcatgaca

ttgaatttga

gatacaaatg

cagtcaatta

gcatacaaag

acccgcetagt

tgtaacaggt

aagtttaggc

ataggcagaa

cgcggettgg
ccttectgge
gagagaatga
tgtcgttaga
cgcagagegt
gcagetggge
ccaaccggygy
ccacccacat
ttcaccagaa
agcagcagca
aaactgaacg
cgagtccage
ceggtgggac
aatattcgeg
gecacegect
cacttttaaa
ttgatttatt
aatccggage

tgcgtgacte

n is unknown

n is unknown

n is unknown

acagacataa

atgatgtaaa

taccttaatg

gttagttcaa

acaggcattc

ttttggaaat

tcatttttta

gagcctgaat

aacttgtatt

tcectggttygyg

ggtccegtga cgecgecceg

gategecget ccctagetat

atgtaacgtt accgectect

agcacagggg tgtgtgtatg

ggcggggaag gagggcgtca

cggggtgcgt gcgagatgca

ggcgecacte ggecgeeget

cacaattggc aacaagaagc

aataccgtcg gegtttegte

gcagcagcac tcagactgga

cgaatcgcac gagtcggatg

tgtggctgeyg gaatatteeg

ceggggcgag cgggagatgce

ccagetgtgg ctgeceggtgt

ctccatcaca gattcgegga

accgtgegtyg cagaatgceta

tcagctcatce aaaatctata

ttcaatccct aacaaccgaa

tactttggcet cttctegtac

gcacttgtag cgtttatgga

tctatcttge cteagtttgt

catcgctaag tgctatttet

tcaatgcaga aaagttcaac

aataggattc acattcctgg

aaaatggaat agaaattgct

actaaaacac gacaaataaa

acttgtttgt agcaggtggyg

ctgtagcatt tcgacgcegt

atttttttte ctgcettttgt

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3139

60

120

180

240

300

360

420

480

540

600
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ttacacctat acagtcccat actcgcagtc gaataataca tggtctgatg ataaaccaat 660
taagaaggac tcatgtctca gtcattatga cttgagcata ggagttgaga tcaagaaata 720
tttgagttge agcttaaggt ccagagagga aatccccata cacttgettyg taacggtatg 780
aatgtatgat catttttttt tcaaggtaac attttctagc atcttcacct gtctacttga 840
ctgaatgcag tatatattag ttgtaataac tactggcctt ctgctgtgca caaaaggcgg 900
gtattaccac ttgcagaaat ttgtcgggta aaggtaattg ccagttacct tgtgttctte 960
ccttgatcag gaacacctgg aggaggatgce gctgtggttg aaccgaagcc ctgtgagcga 1020
agtactgatg acagaaagag cggaagataa gataagaaag gaacccttgce gcggcaaggce 1080
ctggtgacat agaggtagtg cgaggctcat accgccgecg ctggcaggtt ccaggcctgt 1140
gcttttettyg cectgtatce ccagtctata cttcectgcgeca catcagacga gcctcagtgt 1200
ttcggcacag tggtgcaaca gaaaaggaga gtgctggtag gtaacgctga ggcggtgaag 1260
aaagagaggt cagacggacc tggaggtggc tttttaactg gtaaagagtg aggtctttca 1320
tgcccatcaa tctgagcacce gacttgggtg ttgctceccetgt tcgcaggaag cacaagaaat 1380
ggtcagtact ccacagcgta ggcatgtcgg tggtgtgttg gaggaggcaa gattcagatg 1440
attattatat gagctcgaaa agctagagaa tggatgttca gacttgagag ctctgatttg 1500
agaggaattg cacttgtcgt tttcccaagg cgacgcggcec tttttccaga gttttttttt 1560
ttnnnnnnnn nNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNANNNN hnnnnnhnnnn 1620
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1680
nnnnnnnnnn nnnnnnnnnn nnnnnnnnaa aaaaaaaaaa agaatgcaga ccgacatget 1740
ctgtagcaca agcaccatac tggcgaactg gagaggtctc ggctcatcaa gcaatcgect 1800
tggtgtcgga cggggtcatc aagacaagac gactagacga gcactacata tagacgggaa 1860
cgtacgggag gaaggaagga aaacgagagc gaggactcac tgtccggtece gcccagettg 1920
gtgacggegt cgacgaageg ctggtggagg tccggegtee agegcagecg cggettgggyg 1980
tceegtgacg cecgceecccegte gtagecgtag ctececcctgeca tegecgttece ttectggega 2040
tcgececgetee ctagectatee ggtggccaaa gacacggcta gtggtagget cgagcgagac 2100
gagctcttgg tgaagagaga atgaatgtaa cgttaccgec tcectggtegt aggggtgtgt 2160
gtatgtgagg acaagaggag gagcgagagg aggagcgcag agegtggcgg ggaaggaggg 2220
cgtcatgtgt gtgaggaatc taggacgact tgttggcagce tgggccgggg tgcgtgcgag 2280
atgcaatgca agaacaaagc ggacgggcat cacgcectceca ggtccaacce gggggcegcca 2340
cteggecgee getcattgag geccaggege caagacggeg gctcecaccca cgtcacaatt 2400
ggcaataaga agcacacggc tggggctggg acgcgtcgaa tttttcacca gaaaataccyg 2460
tctgatectg gegtttegte agatgctatg ctacgtgaac ggcaaaacct agcagcagca 2520
gcactcagac tggacaagag gagggaaatc tttgcgtggg aaccaaactg aacgcgaatc 2580
gcacgggtceg gatgacatat catatcctecg tgcggagcgg actcaacggce gagtccaget 2640
gtggcetgegyg aatattccgg cggaagcegceg gggagagcega cggceggectce cggtgggacce 2700
cggggcgagce gggagatgceg gcgaagatgt tcggcgetga tgtcgcectgga atattcegegce 2760
cagctgtgge tgceggtgceg acctgetgac cagacgacca gtggcaatgg ccaccgecte 2820
tccatccaac ctccatcaca gattggcgga cgattagecg agactaatcg ctattctcaa 2880
cactttaaaa accgtgcgtg cagaatgcta agcctgctag attcgagcat ctgcgtgact 2940
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ctactttggce tcecttectcegta cgatgcgacce tgacgatgca tttgggnnnn cctntagegt 3000

cactttectg attagtccee cggaaacgca actctaccac tatcagccge cg 3052

<210> SEQ ID NO 235

<211> LENGTH: 3219

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1554)..(1701

<223> OTHER INFORMATION: n is unknown
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3155)..(3157

<223> OTHER INFORMATION: n is unknown
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3161)..(3161

<223> OTHER INFORMATION: n is unknown

<400> SEQUENCE: 235

tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaga tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttagtg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgt gatacaaatg gttagctcaa tcaatgcaga aaagttcaac 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettectatat atggaagttt gcatacaaag ttttggaaat aaaatggaat agaaattget 360
tgcatttagt gtaagttaat acccgctagt tcatttttta actaaaacac gacaaataaa 420
aaaatggagg agtacatctt tgtaacaggt gagcctgaat acttgtttgt agcaggtggg 480
gecgetaagta tgcttaggag aagtttaggce aacttgtatt ctgtagcatt tcegacgcegt 540
ttgtatggta atatctactg ataggcagaa tcctggttgg atttttttte ctgettttgt 600
ttacacctat acagtcccat actcgcagtc gaataataca tggtctgatg ataaaccaat 660
taagaaggac tcatgtctca gtcattatga cttgagcata ggagttcaga tcgagaaata 720
tttgagttge agcttaaggt tcagagagga aatcccatac acttgcttgt aacgatatga 780
tcattttttt tcaaggtaac attttctagc atcttcaget gtctacttga ctgaatgcag 840
tatatattag ttgtaataaa tactgccctt ctgctgtgea caaaaggcegyg gtattaccac 900
ttgcagaaat ttgtcgggta aaggtaattg ccagttacct tgtgttctte ccttcatcag 960

gaacacctgg aggaggatgc gctgtggttg aactgaagcc ctgcgagaga agtactgatg 1020
acagaaagag cggaagataa gataagaaag gaaacccttyg cgcggcaagyg cctggtgaca 1080
tagaggtagt gcgaggctca taccgccgct ggcaggttcecce aggcctgtge ttttettgece 1140
ctgtatccece agtctatact tetgcgcaca tcagacgagce ctcagtgttt cggcacagtg 1200
gtgcaacaga aaaggagagt gctggtaggt aacgctgagg cggtgaagaa agagaggtca 1260
gacggacctyg gaggtggctt tttaactggt aaagagtgag gtctttcatg cccatcaatc 1320
tgagcaccga cttgggtgtt gcectecctgtte gcaggaagca caagaaatgg tcagtactcce 1380
acagcgtagg catgtcggtg gtgtgttgga ggaggcaaga ttcagatgat tattatatga 1440
gctcgaaaag ctagagaatg gatgttcaga cttgagagcet ctgatttgag aggaattgca 1500
cttgtegttt tcccaaggcg acgcggcectt ttccagaggt tttttttttt tttnnnnnnn 1560

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1620

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 1680
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nnnnnnnnnn nnnnnnnnnn ntgaaaaaaa aatgcacacc gacatgctct gtagcacaag 1740
caccataccg gcgaactgga gaggtctcgg ctcatcaagce aatcgccctt ggtgtceggac 1800
ggggtcatca agacaaggcg actagaggag cactacatct acacggggtyg aacggacggg 1860
agcagtggeg gacccaggaa ctgatgacag ccttggcgag aatacggtgt gatccccacg 1920
cctgtgeteg tgccacgtge tgcttgette cgtgcactgt getcecgegect tgcccattge 1980
agccggegag ccagcetcagg ccaccgectyg cggtgectgg tgagtcecegece cctggacggg 2040
aggaaggaag gaaaacgaga gcgaggactce actgtccggt cegeccaget tggtgacgge 2100
gtegacgaag cgctggtgga ggtcecggegt ccagegeage cgeggettgg ggtceccegtga 2160
cgeccgececeg tegtagcegt agectccectg catcgeegtt cecttectgge gatcgecget 2220
ccectagetat cecggtggeca aagacacggce tagtggtagg ctcgagcgag acgagctcett 2280
gctgaagaga gaatgaatgt agcgttaccg cctcectggte gtaggggtgt gggtatgtga 2340
ggacaagagg aggagcgaga ggaggagcgce agagegtgge ggggaaggag ggcgtcatgt 2400
gtgtgaggaa tctaggacga cttgttggca gctgggccgg ggtgcgtgceg agatgcaatg 2460
caagaacaaa gcggacgggc atcacgecte caggtccaac cegggggege cactcgatcg 2520
geegecgete attgaggcce aggcegcecaag acggceggcetce cacccacgtce acaattggea 2580
ataagaagca cacggctggg gctgggacgce gtcgaatttt tcaccagaaa ataccgtcectg 2640
atcctggegt ttcecgtcagat gctatgctac gtgaacggca aaacctagca gcagcagcac 2700
tcagactgga caagaggagg gaaatctttg cgtgggaacc aaactgaacyg cgaatcgcac 2760
gggtcggatyg acatatcata tcctegtgeg gagcggactce aacggcgagt ccagcectgtgg 2820
ctgcggaata ttceggegga agcegegggga gagcgacgge ggectceceggt gggaccceggg 2880
gcgagcggga gatgcggcga agatgttegg cgctgatgte getggaatat tcgegccage 2940
tgtggctgece ggtgcgacct gcectgaccagt ggcaatggcc accgcctcte catccaacct 3000
ccatcacaga ttggcggacg attagccgag actaatcgct attctcaaca ctttaaaaac 3060
cgtgcgtgca gaatgctaag cctgctagat tcgagcatct gegtgactcet actttggetce 3120
ttctegtacg atgcgacctyg acgatgcatt tgggnnnect ntagcgtcac tttectgatt 3180
agtccececgg aaacgcaact ctaccactat cagccgecg 3219
<210> SEQ ID NO 236
<211> LENGTH: 3099
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1555)..(1701
<223> OTHER INFORMATION: n is unknown
<400> SEQUENCE: 236
tcgecatcetge agettetttt gecacctgatt acagacataa gcacttgtag cgtttatgga 60
agaaagtttt ggagtgcaga tctcatgaca atgatgtaaa tctatcttge ctcagtttgt 120
tcttgtagtt tecctttggac ttgaatttga taccttaatg catcgctaag tgctatttcet 180
ctgattcaca taagaaatgc gatacaaatg gttagttcaa tcaatgcaga aaagttcaac 240
caaataaaat gggcccactg cagtcaatta acaggcattc aataggattc acattcctgg 300
gettectatat atggaagttt gcatacaaag ttttggaaat aaaatggaat agaaattget 360
tgcatttagt gtaagttaat acccgctagt tcatttttta actaaaacac gacaaataaa 420
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aaaatggagg agtacatctt tgtaacaggt gagcctgaat acttgtttgt agcaggtggg 480
gecgetaagta tgcttaggag aagtttaggce aacttgtatt ctgtagcatt tcegacgcegt 540
ttgtatggta atatctactg ataggcagaa tcctggttgg atttttttte ctgettttgt 600
ttacacctat acagtcccat actcgcagtc gaataataca tggtctgatg ataaaccaat 660
taagaaggac tcatgtctca gtcattatga cttgagcata ggagttcaga tcgagaaata 720
tttgagttge agcttaaggt tcagagagga aatcccatac acttgcttgt aacgatatga 780
tcattttttt tcaaggtaac attttctagc atcttcaget gtctacttga ctgaatgcag 840
tatatattag ttgtaataaa tactgccctt ctgctgtgea caaaaggcegyg gtattaccac 900
ttgcagaaat ttgtcgggta aaggtaattg ccagttacct tgtgttctte ccttcatcag 960
gaacacctgg aggaggatgc gctgtggttg aactgaagcc ctgcgagaga agtactgatg 1020
acagaaagag cggaagataa gataagaaag gaaacccttyg cgcggcaagyg cctggtgaca 1080
tagaggtagt gcgaggctca taccgccgct ggcaggttcecce aggcctgtge ttttettgece 1140
ctgtatccece agtctatact tetgcgcaca tcagacgagce ctcagtgttt cggcacagtg 1200
gtgcaacaga aaaaggagag tgctggactg ctggtaacgc tgaggceggtg aagaaagaga 1260
ggtcagacgg acctggaggt ggctttttaa ctggtaaaga gtgaggtctt tcatgcccat 1320
caatctgagc accgacttgg gtgttgctte tgttcgcagg aagcacaaga aatggtcagt 1380
actccacagc gtaggcatgt cggtgtgttc gaggaggcaa gattcagatg attattatat 1440
gagctcgaaa agctagagaa tggatgttca gacttgagat ctctgatttg agaggaattg 1500
cacttgtegt tttcccargg cgacgcggcece tttttceccaga ggcatttttt ttcannnnnn 1560
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1620
NNNNNNNNNN NNNNNNNANNN NANNNNNNNAN NANNNNNNANN NNNANNNNNN ANhhhnnnnn 1680
nnnnnnnnnn hhntnnnnnn ngaaaaaaaa aagaatgcag accgacatgce tctgtagcac 1740
aagcaccata cttgcgaact gcagaggtgt cgggtcatca agcaatcgcc ttggtgtegg 1800
acggggtggyg gtcatcaaga caagacgact agaggagcac tacatctaca cgggggggaa 1860
cggacgggag gaaggaagga aaacgagagc gaggactcac tgtccggtece gcccagettg 1920
gtgacggegt cgacgaageg ctggtggagg accggegtee agegcagecg cggettgggyg 1980
tceegtgacg cecgceecccegte gtagecegtag ctecceccctgeca tegtegttece ttectggega 2040
tcgececgetee ctagectatee ggtggccaaa gacacggcta gtgctgaaga gagaatgaat 2100
gtaacgttac cgcctecctgg tcgtaggtgt aataagttgt aacgcgagtg tcgttagaag 2160
cacaggggtyg tgtgtatgtg aggacaagag gaggagcgag aggaggagceyg cagagegtgg 2220
cggggaagga gggcgtcatg tgtgtgagga atctaggacg acttgttggce agctgggecg 2280
gggtgcegtyge gagatgcaat gcaagaacaa agcatcacgce ctccaagtcc aaccgggggyg 2340
cgccactegg ccgecgetca ttgaggecca ggcgccaaga cggeggcetece acccacatca 2400
caattggcaa caagaagcac acggctgggg ctgggacgcg tcgaattttt caccagaaaa 2460
taccgtegge gtttegtcag atgctatgct acgtgaacgg caaaacctag cagcagcagc 2520
agcactcaga ctggacaaga ggagggaaat ctttgcgtgg gaaccaaact gaacgcgaat 2580
cgcacgagtc ggatgacata tcecctegtceccg gageggactce ggccgcgagt ccagetgtgg 2640
ctgcggaata ttceggegga agegegggga gaacgacgge ggectceceggt gggaccceggg 2700
gcgagcggga gatgcggcga agatgttegg cgctgatgte getggaatat tcgegccage 2760
tgtggctgece ggtgtgacct gcectgaccaga cgaccagtgg cagtggccac cgcctcectceca 2820
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tcacagattc gcggacgatt agccgagact aatcgctatt ctcaacactt ttaaaaccgt 2880

gcgtgcagaa tgctaagggce gcgttegttt gcacagcaat agacatggat ttatttcage 2940

tcatcaaaat ctatataaat taaagaagta atccggctag aaattaatcc ggagcttcaa 3000

tcectaacaa ccgaacaggg tctaagectg ctagattcega gecatctgegt gactctactt 3060

tggctettet cgtacgatge gacttgacga tgcatttgg

3099

What is claimed is:

1. A method of identifying and selecting a maize plant or
germplasm that displays newly conferred resistance or
enhanced resistance to a member of Serogroup 2 of Fijivirus,
said method comprising:

a. isolating nucleic acids from a maize plant or germplasm;

b. analyzing the isolated nucleic acids for the presence of a

C.

2.

QTL allele associated with the newly conferred resis-
tance or enhanced resistance to a member of Serogroup
2 of Fijivirus, wherein the presence of said QTL allele is
determined by detecting in the maize plant or germ-
plasm a haplotype within a chromosomal interval
flanked by and including MZA8381 and MZA18180,
wherein said haplotype comprises:

i.a“C” at MZA-625-29-A,

ii. a “T” at MZA625-30-A, and

iii. a “T” at MZA16656-8-A, and

selecting said maize plant or germplasm if said QTL
allele is detected.

The method of claim 1, wherein the member of Sero-

group 2 of Fijivirus is Mal de Rio Cuarto Virus (MRCV).

3. The method of claim 1, wherein the member of Sero-
group 2 of Fijivirus is Maize Rough Dwarf Virus (MRDV).

4. A method of identifying and selecting a maize plant that
displays newly conferred resistance or enhanced resistance to
a member of Serogroup 2 of Fijivirus, said method compris-
ing:

a. isolating nucleic acids from a maize plant or germplasm;

b. analyzing the isolated nucleic acids for the presence of
the following marker alleles:
i.a“C” at MZA-625-29-A,
ii. a “T” at MZA625-30-A, and
25 iii. a “T” at MZA16656-8-A, and
c. selecting a maize plant that has the marker alleles set
forth in i-iii of step (b).
5. The method of claim 4, wherein the member of Sero-
group 2 of Fijivirus is Mal de Rio Cuarto Virus (MRCV).
6. The method of claim 4, wherein the member of Sero-
group 2 of Fijivirus is Maize Rough Dwarf Virus (MRDV).
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